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I. Basis of the report 



1 . This report has been drawn on the basis of {Replacement sheets which have been furnished to the receiving Office in response to an invitation 
under Article 14 are referred to in this report as "originally filed" and are not annexed to the report since they do not contain amendments.): 

[ | the international application as originally filed. 

[^[ the description, pages \2lL » as originally filed, 

pages , filed with the demand, 

pages , filed with the letter of 

pages , filed with the letter of 



the claims, 



Nos. 
Nos. 
Nos. 
Nos. 
Nos. 



1-20 



, as originally filed, 

, as amended under Article 19, 

, filed with the demand, 

, filed with the letter of 

, filed with the letter of 



the drawings, 



sheets/fig 
sheets/fig 
sheets/fig 
sheets/fig 



1/4-4/4 



, as originally filed, 
, filed with the demand, 
, filed with the letter of 
, filed with the letter of 



2. The amendments have resulted in the cancellation of: 

1 I the description, pages 

1 1 the claims, Nos. 



I I the drawings, sheets/fig 



3 I I This report has been established as if (some of) the amendments had not been made, since they have been considered 
• I — I to g Q beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)). 

4. Additional observations, if necessary: 
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IV. Lack of unity of invention 



1. In response to the invitation to restrict or pay additional fees the applicant has: 
1 | restricted the claims. 
|~| paid additional fees. 
I | paid additional fees under protest. 
I | neither restricted nor paid additional fees. 



This Authority found that the requirement of unity of invention is not complied with and chose, according to Rule 68.1, 
not to invite the applicant to restrict or pay additional fees. 



3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 is 
I I complied with. 

not complied with for the following reasons: 
See separate sheet. 



4. Consequently, the following parts of the international application were the subject of international preliminary examination 
in establishing this report: 



all parts. 

I 1 the parts relating to claims Nos. 



Form PCT/IPE A/409 (Box IV) (January 1994) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/FR 99/01343 



I. Basis of the report 

1 . This report has been drawn on the basis of (Replacement sheets which have been furnished to the receiving Office in response to an invitation 
under Article 1 4 are referred to in this report as ' 'originally filed" and are not annexed to the report since they do not contain amendments.) : 

Pages 1-4 of the listing of sequences nos. 1-4 filed on 1 
July 1999, do not form part of the application ( PCT Rule 
13ter. 1(f)). 
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Supplemental Box 

(To be u sed when the space in any of the preceding boxes is not sufficient) 
Continuation of: IV 



Claims 1-18 concern an industrial method for preparing 
heterologous proteins in a strain of E.coli W. Claims 19- 
20 concern a strain of E.coli W, characterised in that it 
comprises an expression system for heterologous proteins 
in which the promoter is the promoter P t r P - 

Independent Claims 1 and 19 are not so linked as to form 
a single general inventive concept (PCT Rule 13.1) , for 
the following reasons: 

The technical features of said claims, i.e. a strain of 
E.coli W and an expression system for heterologous 
proteins as well as a combination thereof (see Box V, 
point 2) are already known and do not involve an 
inventive step. Therefore the unity of invention 
requirement (PCT Rule 13.1) has not been fulfilled 
inasmuch as there is no technical relationship between 
the independent claims pertaining to one or more "special 
technical features" under the terms of PCT Rule 13.2. 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1 . Statement 

Novelty (N) Claims 

Claims 

Inventive step (IS) Claims 

Claims 

Industrial applicability (IA) Claims 

Claims 

2. Citations and explanations 

Reference is made to the following documents: 

Dl: LEE S Y AND CHANG H N: "High cell density 
cultivation of Escherichia coli W using sucrose as a 
carbon source" BIOTECHNOLOGY LETTERS, vol. 15, no. 9, 
September 1993 (1993-09), pages 971-974, cited in the 
application 

D2: EP-A-0 596 812 ( RHONE- POULENC CHIMIE (FR); PETRE D; 
CERBELAUD E; LEVY-SCHIL S; CROUZET) 11 May 1994 (1994-05- 
11) cited in the application 

D3: LEE J ET AL . : "Fed-batch culture of Escherichia coli 
W by exponential feeding of sucrose as a carbon source" 
BIOTECHNOLOGY TECHNIQUES, vol. 11, no. 1, January 1997 
(1997-01) , pages 59-62 

D4: EP-A-0 496 993 ( ANTIBIOTICOS S.P.A. (IT); CAMBIAGHI 
S.; TOMASELLI S.; VERGA R. ) 5 August 1992 (1992-08-05) 

D5: WO-A-90/02193 (UNIVERSITY OF FLORIDA (US); INGRAM L 
O; CONWAY T; ALTERTHUM F) 8 March 1990 (1990-03-08) 

D6: WO-A-98/18941 (RHONE- POULENC NUTRITION ANIMALE (FR); 
FAVRE-BULLE O; PIERRARD J ET AL.) 7 May 1998 (1998-05-07) 



5-6, 9, 12-15, 18-20 YES 
1-4, 7-8, 10-11, 16-17 NO 

YES 

1-20 NO 



NO 
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D7: WO-A-90/02800 ( FARM I TALI A CARLO ERBA SRL (IT); 
BERGONZONI; ISACCHI; SARMIENTOS; CAUET) 22 mars 1990 
(1990-03-22) 

D8: CHEMICAL ABSTRACTS, vol. 71, no. 21, 24 November 
1969 (1969-11-24) Columbus, Ohio, US; abstract no. 100408, 
DEVCIC, BRANKA ET AL. : "Effect of some factors on the 
growth and penicillin acylase activity of Escherichia coli 
ATCC 9637" & MIKROBIOLOGIJA (1968), 5(2), 189-96, 1968, 

D9: FR-A-2 128 587 (AS AH I KASEI KOGYO K.K. ( JP) ) , 20 
October 1972 (1972-10-20) 

D10: US-A-5 000 000 (UNIVERSITY OF FLORIDA (US); 

INGRAM L O; CONWAY T; ALTERTHUM F) 19 March 1991 (1991-03- 

19) 

Dll: US-A-5 354 667 ( ANTIBIOTICOS S.P.A. (IT); CROUX C; 
PEREZ JC; FUENTES JLB; MALDONADO FS) 11 October 1994 
(1994-10-11) 

D12: US-A-4 246 346 (AKTIEBOLAGET FERMENTA (SE); LARSSON 
P-O; MOSBACH K H, OHLSON S A) 20 January 1981 (1981-01-20) 

Introduction 

The application discloses a method for preparing 
heterologous proteins in E. coli W and in corresponding 
strains . 

1) Novelty (PCT Article 33(1) and 33(2)) 

Claims 1-3 are not novel over document D4 . An expression 
system for a heterologous protein (GI-7-ACA cyclase) is 
used in the E.coli strain W ATTC 9637 (Example 9, page 14, 
lines 26-27 and 51, and Claim 4). In addition, a 
derivative of the E.coli strain W ATTC 9637 is obtained by 
clonal selection and genetic manipulation (page 14, 
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lines 49-50) . 

Claim 4 is not novel over D4 . A high heterologous protein 
content (page 15, line 4) and a high biomass density 
(page 15, lines 29-32) are obtained. 

Claims 7 and 8 are not novel since document D4 mentions 
the use of saccharose for preparing the culture medium 
(page 8, line 44). In addition, the E.coli W strain ATTC 
9637 is well known for its capacity to use sucrose D5 
(page 6, lines 33-36), Dl (page 971, introduction), D10 
(column 6, lines 49-53) . 

Claims 10 and 11 are not novel over D4 . Sources of 
nitrogen such as the yeast extracts are mentioned therein 
(page 15, line 23) . 

Claims 16-17 are not novel since the GI-7-ACA acylase, 
described in document D4 , is an enzyme (e.g. page 9, 
line 16) . 

2) Inventive step (PCT Article 33(1) and 33(3)) 

Claims .5-6 are novel but not inventive. The tryptophan 
promoter is known from the prior art (D2 : page 11, line 24 
and D6: page 25, line 5) and in these cases the tryptophan 
is added to the medium (D2: page 11, line 42 and D6: 
page 25, line 11). Usually 0.1 g/1 of tryptophan is added. 
Since the description does not mention that the 
concentrations of tryptophan given in Claim 6 offer any 
type of advantage, this claim does not involve an 
inventive step. 

Claim 9 appears to be novel since document D4 does not 
mention a specific amount, but it is not inventive since 
documents Dl, D3 and D5 indicate the amounts, 20 g/1 
(page 972, materials and methods), 15 g/1 (materials and 
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methods) and 2% (page 19, line 43), respectively, added to 
the E.coli W ATTC 9637 culture medium. 

Claims 12-13 are novel, but do not involve an inventive 
step since the meat proteins or the peptones are very 
often envisaged as alternatives to other nitrogen sources 
(Dll: column 8, line 53, D9: page 7, line 15, D12 : 
column 3, line 16 and Table II) - In particular, in D8 the 
E.coli W strain ATTC 9637 has increased growth in the 
presence of peptones- In addition, the concentration 
ranges given in Claim 12 are so broad that they are 
covered by common organic nitrogen sources such as 
peptones, yeast extracts, etc. 

Claims 14-15 and 19-20 are novel, but do not involve an 
inventive step since document D7 (page 13, paragraph 3) 
describes a sequence that is 93.4% identical to that 
described in the application. In particular, the sequences 
of the promoter P tr p and of the ribosomal-binding site of 
the ell gene of the phage appear to have been completely 
conserved. Therefore the act of combining the P trp promoter 
with the E.coli W strain is obvious in the light of 
documents D4 and D7 . 

Claim 18 is novel but does not involve an inventive step 
over D2 and D6 in combination with D4 . Documents D2 
(page 11, line 24) and D6 (page 25, line 5) concern 
nitrilase expression under the control of a tryptophan 
promoter in E.coli TGI (D2: Example 5) and DH5ct (D6: 
Example 5). Selection of the E.coli W strain ATTC 9637 for 
its sucrose-using capacity is well known from D5 (page 6, 
lines 33-36), Dl (page 971, introduction), D10 ( (column 6, 
lines 49-53), while other E.coli W strains currently used 
cannot use sucrose (e.g. D5 : page 20, line 9). 
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VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 

a. Contrary to the requirements of PCT Rule 5.1 (a) 
(ii), the description does not outline the relevant 
prior art disclosed in documents D3-D5, D7 and D12 
and does not cite said documents. 

b. The definition of the expression "heterologous 
protein" is unclear. The phrase (page 7, lines 31- 
33) "or even of a naturally produced protein... 
regulation elements separate from those of the 
expression system of the invention" contradicts the 
phrase (page 7, lines 25-27) "by heterologous 
protein, ... is intended" stating that a heterologous 
protein is a protein that cannot be naturally found 
in E.coli W. In addition, if the expression of the 
heterologous protein is controlled by regulation 
elements that are separate from the expression 
system of the invention, the description goes 
beyond that which is claimed (PCT Article 5) . 

c. The phrase "the genes, of which the coexpression 
promotes... are comprised in the expression system of 
the invention" (page 7, lines 22-24) appears to 
suggest that the description goes beyond the 
claims, by introducing an inadequately defined 
feature, thus causing the description to be obscure 
(PCT Article 5) . 

d. It is not clear to which documents the description 
refers as regards "CIP application no. 08/194 588 
(page 7, line 13) and "application FR96/13077" 
(page 9, lines 29-31) . Consequently, some of the 
features of the invention are unclear and it cannot 
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VII. Certain defects in the international application 

be determined whether the invention can be carried 
out by a person skilled in the art (PCT Article 5) . 

e. The phrases "expression cultures have been created 
as described in Example 5..." (page 10, line 22) and 
"the measurements of nitrilase activity... as 
described..." (page 10, line 27) refer to other 
documents for the culture conditions and the 
measurements of nitrilase activity. Similarly "the 
measurements of polyamide hydrolase activity... as 
described in application WO 97/04083..." refers to 
another document for the measurements of polyamide 
hydrolase activity. Since the application should be 
understandable per se, the conditions cannot be 
introduced by reference to other documents, they 
should be specified (PCT Article 5) . 

f. Some plasmids, pXL2035 (page 10, line 19), pRPG9 
and pSL301 (Example 11, pages 20-21), pRPA-BCAT37 
(page 23, line 25), RSF1010D20 (page 23, line 27), 
for example, are described only by reference to 
other documents. Said plasmids are not adequately 
described for the application to be understandable 
per se (PCT Article 5) . 

g. Table 6 (page 22) compares two different strains: 
DH5a and W. It is therefore not clear how the use 
of the cer locus can improve the yield (PCT Article 
5) . 

h. Strain L21 is not defined, rendering the 
description obscure (PCT Article 5) . 

i. The expression "preferably" in Claims 5 and 9 
indicates that the features "between 0.1 and 
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VII. Certain defects in the international application 

0.3 g/1" and "between 0.5 and 200 g/1" 
respectively, are entirely optional. Similarly, the 
expression "in particular" in Claim 13, indicates 
that the feature "the potato protein derivatives" 
is entirely optional (cf. PCT Guidelines Ch. Ill, 
4.6). 

j. The expression "appropriate additives" in 

paragraph 2, page 6 is unclear since any additive 
can be considered, rendering the scope of the 
invention imprecise (PCT Article 5) . 

k. If, for example polymerase pfu (page 23, lines 18- 
19) and Quiaex (page 25, line 18) are registered 
trademarks, the fact that they are not recognised 
as such renders the description obscure (cf. PCT 
Guidelines Ch. Ill, 4.16). 

1. The abbreviation HMTBA (Table 1, page 11) is not 
defined in the description, rendering said 
description obscure (PCT Article 5) . 

m. In the French original, the terms "reoresente" 
(page 8, line 31), D20 (page 9, line 6) "est" 
(page 6, line 32), figure 2 (page 26, line 16), 
"contant" (page 9, line 27) are unclear and render 
the description obscure (PCT Article 5) . 
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VIII. Certain observations on the international application 



The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully 
supported by the description, are made: 

a. It is clear from the description and Claim 19 that 
the use of a P trp promoter is essential to the 
definition of the invention. Since independent 
Claim 1 does not contain said feature, said claim 
does not fulfil the requirements of PCT Article 6 in 
combination with PCT Rule 6.3(b), which stipulates 
that an independent claim should contain all the 
technical features essential for the definition of 
the invention. 

b. The P t rp promoter is not defined in Claim 14 and in 
the description (e.g. page 7, line 6). Since the 
origin of said promoter is not specified, Claim 14 
and the description are unclear (PCT Article 5 and 
6) . 

c. Since the term "strong", used in Claim 4 , is 
relative, it casts doubt on the meaning of the 
technical features to which it refers. The subject 
matter of said claim is therefore not clearly 
defined (PCT Article 6 and PCT Guidelines Ch . Ill, 
4 . 5a) . 
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COMPLEX BETWEEN CARRAGEENAN AND A WATER SOLUBLE DRUG 
HAVING A SPECIFIC GRANULOMETRY AND RELATIVE CONTROLLED 
RELEASE PHARMACEUTICAL COMPOSITIONS 
Field of the invention 

The present invention relates to a complex between a water soluble drug and 
carrageenan in powder form characterised in that this powder has a specific 
granulometry, a process for preparing this complex and controlled release 
pharmaceutical composition containing said complex. 
Prior art disclosure 

One of the simplest and cheapest methods to obtain the prolonged release of 
drugs is the use of tablets containing the drug and one or more polymers quite 
often able to gelify. Especially in the case of very soluble drugs, however, the 
release rate is higher at the beginning of the dissolution and decreases with the 
increase in diffusional pathway. This can result in strong variations of plasma 
levels especially in the case of drugs administered at high dosages. 
Solid oral dosage forms based on ion exchangers are described in the literature. 
Ionic exchange resins and hydrophilic polymers with ionisable groups have been 
used. Most of the commonly used drugs, being basic in nature, can interact with 
polymer acidic groups (carboxylic or sulfonic groups). The sulfonic polymers, 
being stronger acids, are likely to interact with the drug independently of the pH 
of the medium. In any case, the ionic interaction between the drug and the 
polymer gives as a result a change of the release profiles of the drug. In particular, 
with some drugs a precipitation of the complex may occur. 

Drug-carrageenan complexes have been proposed for the sustained release in 
parenteral administration (intramuscular) (H.D. Graham et al, J. Pharm. Sci, 
52,1963,193-198). 

Moreover, complexes of carrageenan with some drugs (emepronium, doxicicline 
and propranolol) and with antidepressant drugs have been proposed to reduce the 
risks of overdosing the drug (WO 93/07860, 1993). 

An ofloxacin-carrageenan complex has also been proposed to prepare sustained 
release tablets, whose release was completed in 2-3 hours (JP 61 130239, 1986). 
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In the methods of complex preparation described in the literature at least one of 
the interacting species is present in solution; in some cases polymer solutions 
concentrated at 5% w/v are used (JP 60 174729). 

However, in the preparation of solid oral dosage forms (tablets, pills, capsules, 
granulates), no particular attention has been given, until now, to the particle size 
of the complex, and quite often high amounts of other excipients have been used 
to obtain coherent tablets or to slow down the release rate. 

Controlled release tablets have many advantages from the technological point of 
view and for the patient compliance. A thorough formulation study is however 
necessary to obtain the desired release rate and profile also taking into account 
the characteristics, for example the pH, of the dissolution medium. When high 
dosages of a freely soluble drug are needed, this task is rendered more difficult 
since the quantity of polymers and other excipients to be added to modulate the 
release must be limited, in order to avoid the preparation of tablets of big 
dimensions. 
Technical problem 

The need was felt to have controlled release therapeutical compositions not 
containing high amounts of polymers and excipients and therefore being of 
acceptable dimensions for the oral administration. 
Summary of the invention 

The present invention relates to a complex of carrageenan with a water soluble 
drug in powder form with an average particle size ranging from 10 to 100 \i and 
the basic water soluble drug is contained in the complex in amounts ranging from 
1.5 and 5 mmol/g carrageenan. 

The Applicant has in fact surprisingly found that by using the carrageenan 
complex with the average particle size in the above mentioned range it is possible 
to prepare controlled release pharmaceutical compositions not suffering from the 
drawbacks of the above mentioned known controlled release pharmaceutical 
compositions containing the carrag enan complex. 

In fact by using the carrageenan complex according to the present invention it is 
possible to prepare controlled release pharmaceutical compositions without the 
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need to add high quantities of further excipients or polymers able to further slow 
down the drug release. 

The present invention therefore further relates to controlled release 
pharmaceutical compositions containing the complex according to the pres nt 
5 invention. 

The invention also concerns a process for preparing the complex, based on the 
interaction between polymer and drug when a minimum amount of water is added, 
therefore unlikely the known processes above reported, it does not require a 
previous dissolution of the carrageenan and/or the drug in water . 
10 In particular this process according to the present invention comprises the 
following steps: 

a) preparing a homogeneous mixture of drug and carrageenan in suitable 
quantities in order to obtain a final carrageenan complex wherein the drug is 
contained amounts comprised between 1 .5 and 5 mmol/g carrageenan 
is b) kneading the mixture in a suitable apparatus by adding a water content 
expressed as weight ratio water /polymer + water soluble basic substance 
comprised between 1 :3 and 3: 1 

c) optionally washing the product coming from step (b); 

d) drying the mixture. 

20 e) milling the dried product until reaching the desired particle size. 

The advantages of the process according to the present invention which does not 
require a previous solubilization step can be summarised as follows: 

■ the recovery of the complex is much easier than in the prior art processes 
using high volumes of solvent: 

25 ■ process times are decidedly shorter, 

■ the centrifugation or filtration step of highly viscous carrageenan solution to 
recover the desired complex is no longer strictly necessary. 

Description of the figures 

Figure 1 reports the reieas profiles at pH 1 .2 and pH 6.8 of the tablet prepared as 
30 described in Example 7 with the complex of carrageenan with diltiazenvHCI, 
wherein th perc ntage of drug release is reported in ordinates and the time in 
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hour is reported in abscissae. 

Figure 2-A reports the release profiles at pH 1.2 of the tablet prepared as 
described in Example 3 (109) and the tablet prepared as described in Example 2 
(209) having a sieve fraction <45jim . wherein the percentage of drug release is 
reported in ordinates and the time in hour is reported in abscissae. 
Figure 2-B reports the release profiles at pH 6.8 of the tablet prepared as 
described in Example 3 and the tablet prepared as described in Example 2 (209), 
having a sieve fraction <45um, wherein the percentage of drug release is 
reported in ordinates and the time in hour is reported in abscissae. 
Figure 3-A reports the release profile at pH 1.2 and 6.8 of the tablet prepared as 
described in Example 2 prepared with the complex of carrageenan with 
diltiazem-HCI, having a particle size 75-105 urn, wherein the percentage of drug 
release is reported in ordinates and the time in hour is reported in abscissae. 
Figure 3-B reports the release profile at pH 1.2 and 6.8 of the tablet prepared as 
5 described in Example 2 prepared with the complex of carrageenan with diltiazem. 
having a particle size 45-75 wherein the percentage of drug release is 
reported in ordinates and the time in hour is reported in abscissae. 
Figure 3C reports the release profile at pH 1.2 and 6.8 of the tablet prepared as 
described in Example 2 with the complex of carrageenan with diltiazem having a 
io particle size <45um, wherein the percentage of drug release is reported in 
ordinates and the time in hour is reported in abscissae. 

Figure 4-A reports the release profile at pH 1 .2 of the tablet prepared as disclosed 
in Example 6 with the complex of carrageenan with propranolol having a particle 
size either 45-75um or <45um, wherein the percentage of drug release is reported 
25 in ordinates and the time in hour is reported in abscissae. 

Figure 4-B reports the release profile at pH 7.5 of the tablet prepared as disclosed 
in Example 6 with the complex of carrageenan with propranolol having either a 
particle size 45-75^m or <45nm. wherein the percentage of drug release is 
reported in ordinates and the time in hour is reported in abscissae. 
30 Figure 5 reports the release profile carried out in the dissolution test conducted 
with a pH change after 3 hours from dissolution of tablets whose preparation is 
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disclosed in Example 8 having surface/volume ratio R of 0.7 and 0.9 . 
Detailed description of the invention 

As previously pointed out the Applicant has found that the granulomere range of 
the complex according to the present invention is critical in order to obtain a 
controlled drug release. In fact with pharmaceutical composition essentially based 
on the carrageenan complex with a particle size higher than 100 urn it is not 
possible to modulate the drug release, since the drug is very quickly released, by 
contrast using a pharmaceutical composition containing as the essential 
component a complex having an average granulometry below 10um, the drug 
release is very slow and moreover the milling, to obtain this very fine 
granulometry. is tedious and rather expensive. 

The Applicant has in any case found that better results can be achieved by using 
carrageenan complexes having a particle size comprised between 45 and 75um 

and < 45p.m. 

The content of the basic water soluble drug is preferably contained in amounts in 
the complex ranging from 3.0 to 4.0 mmol/g. 

The basic water soluble drug is preferably selected from the group consisting of 
analgesics, antiparkinsonians. anti-inflammatory agents. anaesthetics, 
antimicrobials, antimalarics, antiparasitics, anticonvulsants, CNS drugs, 
diuretics, hypnotics, tranquillisers, sedatives, muscle relaxants, hormones, 
contraceptives, sympathomimetics. hypoglycemic agents. ophtalmics. 
cardiovasculars. 

According to a preferred embodiment in the complex according the present 
invention the basic drug is selected from the group consisting of: diltiazem 
25 promethazine, saibutamol. chlorpheniramine propranolol and/or pharmaceutical* 
acceptable salts thereof. 

According to a particularly preferred embodiment the basic drug is selected from 
the group consisting of: diltiazem HCI. promethazine HCI, saibutamol sulphate, 
chlorpheniramine maleate. 
3 o The carrageenan to be used may be indiff rently the iota kappa or lambda type, 
although better results are obtained by using lambda carrageenan. 
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The carrageenan in the complex according to the present invention has preferably 
a viscosity comprised between 500 and 2000 cPs, more preferably has a viscosity 
ranging from 700 to 1 600 cPs measured at 37°C with a shear rate of 20 s exp(-1 ). 
According to a particularly preferred embodiment carrageenan is used available in 
the market with the trademark Viscarin® GP 209 having a viscosity of 1598 cPs. 
measured at 37°C with a shear rate of 20 s exp(-1). 

The controlled release pharmaceutical compositions according to the present 
invention contain the complex according to the present invention in amounts 
ranging from 60 to 100%, more preferably in amounts ranging from 80 to 100% 
by weight based on the total composition weight. 

The controlled release pharmaceutical compositions according to the present 
invention show a further advantage since their drug release is independent from 
the pH of the medium. 

The employment of the complex at a well defined particle size (under 100 urn) 
allows to prepare controlled release tablets containing up to 90-100% complex, 
and therefore 60-80 % of drug (depending on the maximum binding capacity of 
the polymer and on the molecular weight of the drug). These tablets can therefore 
be exploited also in case of high drug dosages, such as those necessary for once- 
a-day administration. 

The controlled release may optionally contain up to 5%. preferably between 1 and 
4% by weight based on the total composition weight of a gellable polymer 
selected from the group consisting of hydroxypropylmethylcellulose 
hydroxypropylcellulose having a viscosity comprised between 4000 and 100,000 
cPs. in order to further modulate the drug release. 

The controlled release pharmaceutical composition according to the present 
invention may be in the form of tablets, pellets and granules. The pellets or 
granules can be used for the preparation of extemporaneous aqueous 
suspension, or may be contained in hard or soft capsules. 

According to a preferred embodiment the controlled release pharmaceutical 
compositions are preferably in the form of tablets. The employment of small 
particle size fractions (45-75 um or < 45 um) reduces the release rate, also from 
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tablets made with the complex alone, to values that are suitable for once a day 
administration, meaning a release completed within 20-24h. Moreover, it has been 
shown that almost linear release profiles and at any rate a marked reduction in 
burst effect, quite independently of medium pH, can be achieved. 
These tablets may be prepared by direct compression of the complex powder or 
by compression of granules obtained by wet granulation with the process 
disclosed later on for the preparation of granules. The flow properties of fine 
fractions may render the granulation step and the addition of giidants (such as 
talc) to the granulate necessary; a composition useful for this kind of procedure is 
described in Example 7: hydroxypropylmethylcellulose (5% Methocel K4M mixed 
to the complex and 2-3% Methocel E15 dissolved in the binding solution) has 

been used. The release profiles obtained with this formulation are given in Figure 

1 . The release occurs at approximately constant rate during about 20 h both in pH 

1 2 (gastric) and in pH 6.8 (intestinal) buffers. 
> The Applicant has also surprisingly found that the tablets having the ratio 

surface/volume R comprised between 0.7 and 0.9 are preferred as concerns the 

controlled release profiles. 

The pellets have preferably an average particle size ranging from 1 to 3 mm and 
the granules have an average particle size ranging from 0.2 to 1 mm. Both 
l0 granu.es and pellets are prepared by using conventional techn.ques 
encompassing the following steps: 

(I) kneading the carrageenan complex powder according to the present invention 
with an alcoholic solvent in the presence of a binder such as ethyl or 
methylcellulose having a viscosity ranging from 10 to 100 cPs, 
25 (H ) granulating the kneaded mixture in a suitable granulator such as a 
rotogranulator, 

(iii) drying the wet granules or pellets, 

(iv) classification of the granules to separate the granules or pellets having the 
desired average particle size. 

30 The present invention further relates to controlled release pharmaceutical 
composition in the form of a tablet containing a: 
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A) a core 

B) an external layer completely or partially covering the core tablet containing the 
carrageenan complex with the basic water soluble drug according to the 
present invention, said external layer being applied by compression. 

Preferably this external layer contains the complex according to the present 
invention in amounts ranging from 60 to 100%, preferably in amounts ranging from 
80 to 100%. 

It may optionally contain up to 5%. preferably between 1 and 4% by weight based 
on the total composition weight of a gellable polymer selected from the group 
consisting of hydroxypropylmethylcellulose having a viscosity comprised between 
4000 and 100,000 cPs., in order to further modulate the drug release. 
In step (b) of the process according the present invention the water to be added 
expressed as weight ratio water /polymer + water soluble basic substance is 
preferably comprised between 1 :2 and 2:1. 

The following examples of preparation of the complex according to the present 
Invention are reported for illustrative, but not limitative purposes. 
Example 1 

100 g of carrageenan (Viscarin GP 209. FMC) and 128 g of promethazine-HCI are 
mixed in a turbula mixer. The minimum amount of water necessary to knead the 
mixture is added (about 100 ml). The complex is separated by centrifugation at 
2000 rpm for 10 minutes, and washed with distilled water. The solid product is 
lined in trays, dried in oven at 40-50 °C overnight and milled. 
Example 2 

1000 g of carrageenan (Viscarin GP 209, FMC) and 1000 g of diitiazem-HCI are 
mixed in a turbula mixer. The minimum amount of water necessary to knead the 
mixture is added (about 1000 ml). The complex is separated by centrifugation, and 
washed with distilled water. The solid product is lined in trays, dried in oven at 40- 
50 °C overnight and milled. The sieve fractions 45-75 urn and 75-105 urn and < 45 
lim are obtained. 300 mg weight tablets, each containing about 180 mg of 
30 diltiazenvHCI. are prepared by means of an hydraulic press Perkin Elmer, at 3 
tons (1 minute) with 10 mm diameter flat punches . 
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Example 3 

1000 g of low viscosity canrageenan (Viscarin GP 109, FMC) and 1600 g of 
diltiazerrvHCI are mixed in turbula mixer. The minimum amount of water 
necessary to knead the mixture is added (about 1000 ml). The complex is 
separated by centrifugation, and washed with distilled water. The solid product Is 
lined in trays, dried in oven at 40-50 °C overnight and milled and sieved in order to 
recover the fraction having particle size <45microns. 300 mg weight tablets are 
prepared, each containing about 180 mg of diltiazenvHCI, by means of an 
hydraulic press Perkin Elmer, at 3 tons (1 minute) with 10 mm diameter flat 
punches. 
Example 4 

100 g of carrageenan (Viscarin GP 209, FMC) and 45 g of salbutamol sulphate 
are mixed in a turbula mixer. About 200 ml of water are added to the mixture, that 
is kneaded until achieving a homogeneous mixture. The complex is lined in trays, 
dried in oven at 40-50 °C overnight and milled up to the desired granulometry. 
Example 5 

100 g of carrageenan (Viscarin GP 209, FMC) and 75 g of chlorpheniramine 
maleate are mixed in turbula mixer. About 150 ml of water are added to the 
mixture, that is kneaded until achieving a homogeneous mixture. The complex is 
lined in trays, dried in oven at 40-50 °C overnight and milled up to the desired 
granulometry. 
Example 6 

1000 g of carrageenan (Viscarin GP 209, FMC) and 1600 g of propranolol are 
mixed in a turbula mixer. The minimum amount of water necessary to knead the 
mixture is added (about 1000 ml). The complex is separated by centrifugation, and 
washed with distilled water. The solid product is lined in trays, dried in oven at 40- 
50 °C overnight and milled. The sieve fractions 45-75 pm and 75-105 pm are 
obtained. 300 mg weight tablets, containing about 150 mg propranol, are obtained 
by means of an hydraulic press Perkin Elmer, at 3 tons (1 minute) with 10 mm 
diameter flat punches. 
Example 7 
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From the complex obtained as described in the example 2. the < 45 gm sieve 
fraction is obtained. A mixture containing 95% of this fraction and 5% of HPMC 
Methocel K4M is granulated by wetting with a solution of HPMC Methocel E15 and 
extrusion through 700 urn sieve, and is dried in oven. The granulate is forced 
through a 700 urn sieve again and 2% talc is added. Respectively 300 mg tablets, 
containing about 180 mg of diltiazem-HCI, are obtained by means of an 
alternative Kilian KIS tabletting machine, with convex 11 mm punches. 
EXAMPLE 8 

From the granulate prepared as described in Example 7, 570 mg tablets 
containing 300 mg diltiazem-HCI were obtained with a Kilian KIS tabletting 
reciprocating machine equipped with either 11 mm convex punches with 
surface/volume ratio R =0.7 or 13 mm flat punches (surface/volume ratio R = 0.9). 
M F mnnR FOR r ARRViNn oi I T T HF TFST S OF PPl m PFI FASF IN VITRO 
The release test of some of the tablets prepared according to the above reported 
examples was performed in a 1 basket USP XXIII apparatus at 100 rpm 37'C 
using either a 500 or 1 000 ml fluid. The following tests had been conducted 

A) The test at pH 1 .2 simulating the gastric fluid(USPXIII without enzymes). 

B) The test carried out at pH 6.8 and 7.5 simulating the intestinal fluid . 

QThe test carried out changing the P H from 1.0 to 6.8 (0.1 M HCI to 6.8 by 
o adding Na 3 P0 4 0.2M) after 3 hours from dissolution. 
RESULTS 

The results of the above tests are reported in Figurel, Figures 2A, 2B, Figures 3A- 
3B, 3-C, Figures 4A-4B, Figure 5. 

In particular Figure 1 reports the results of test A and B carried out on tablets 
>s whose preparation is disclosed in Example 7 containing therefore besides the 
carrageenan complex with diltiazem-HCI having a particle size lower than 45um 
also small amounts of talc and hydroxypropylmethylcellulose. As one can observe 
from this figure there is no substantial variation between the release at pH 1.2 and 
pH 6.8. This means that the tablets prepared according to example 7 are 
30 insensible to the pH medium and th releas of the drug is complete at both the 
above mentioned pH after 20 hours from dissolution. 
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Figure 2A reports the drug release profile at pH 1 .2 of tablets obtained according 
to Example 3 consisting of a complex between Diltiazem-HCI and carrageenan 
VISCARIN® GP 109 having a viscosity of 761cPs measured at 37°C with a 
shear rate of 20 s exp(-1) and compared with tablets prepared as described in 
Example 2 with the complex between DiltiazenvHCI having a particle size <45nm 
and carrageenan (VISCARIN® GP 209) having a viscosity of 1598 cPs, wherein it 
results that at low pH the Diltiazem .HCI complex with carrageenan with higher 
viscosity have a similar release profile if compared with the corresponding one 
with lower viscosity, although a little better results are obtained with the complex 
) whose carrageenan has a low viscosity. 

Figure 2 B reports the drug release profile at pH 6.8 of tablets obtained 
according to Example 3 obtained by a complex between DiltiazenrHCI and 
carrageenan VISCARIN • GP 109 having a viscosity of 761 cPs calculated at 
37°C with a shear rate of 20 s exp(-1) and compared with tablets prepared as 
5 described in Example 2 with the complex between DiltiazenvHCI having a particle 
size <45^im and carrageenan (VISCARIN®209) having a viscosity of 1598 cPs, 
wherein it results that at pH 6.8 the complex with carrageenan having higher 
viscosity gives good results, by contrast in the complex prepared with 
carrageenan having lower viscosity the release is very slow and after 20 hours 
20 only 20% of the drug is released. 

Figure 3A -3C reports the drug release profile at pH 1.2 and 6.8 as a function of 
granulometry wherein it results that for the carrageenan complex with 
diltiazem-HCI having a granulometry comprised between 75 and 105 ^m only at 
pH 1 .2 it is possible to control in some way the release of the drug. In fact the drug 
25 is completely released after 8 hours. By contrast at pH 6.8 the same complex 
completely releases the drug in about 90 minutes. With complexes having 
granulometry comprised between 45 and 75\xm but also <45 |am both at pH 1.2 
and at pH 6.8 it is possible to slow down the diltiazem release up to 20 hours from 
dissolution. 

30 Comparable results may be achieved with complexes betwe n propranol and 
carrageenan reported in Figure 4A and 4(B), although better results can be 
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achieved with the complex fraction whose granulomtery is <45^m at both pH . 
Figure 5 demonstrates that good results are obtained with tablets having the ratio 
surface/volume R comprised between 0.7 and 0.9 although better, results are 
obtained with the tablets having this ratio R = 0.7, since the release is complet d 
in 24 hours. 
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CLAIMS 

1 . A complex of carrageenan with a water soluble drug in powder form with an 
average particle size ranging from 10 to 100 n and the basic water soluble drug 
is contained in the complex in amounts ranging from 1.5 and 5 mmol/g 
carrageenan. 

2. The carrageenan complex according to claim 1 having an average particle size 
<45|im. 

3. The carrageenan complex according to claim 1 having a particle size comprised 
between 45 and 75um. 

4. The complex according to any one of claims 1-3 wherein the basic water 
soluble drug is preferably contained in amounts ranging from 3.0 to 4.0 mmol/g. 

5. The complex according to anyone of claims 1-4 wherein the basic water soluble 
drug is preferably selected from the group consisting of analgesics, 
antiparkinsonians, anti-inflammatory agents, anesthetics, antimicrobials, 
antimalarics, antiparasitics, anticonvulsants, CNS drugs, diuretics, hypnotics, 
tranquillisers, sedatives, muscle relaxants, hormones, contraceptives, 
sympathomimetics, hypoglicemic agents, ophtalmics, cardiovasculars. 

6. The complex according to anyone of claims 1-5 wherein basic drug is selected 
from the group consisting of: diltiazem, promethazine, salbutamol, 
chlorpheniramine and /or pharmaceutical^ acceptable salts thereof. 

7. The complex according to anyone of claims 1- 6 wherein the carrageenan has a 
viscosity comprised between 500 and 2000 cPs.measured at 37°C with a shear 
rate of 20 s exp(-1 ). 

i 8. The complex according to claim 7 wherein the carrageenan has a viscosity 
i ranging from 700 to 1600 cPs., measured at 37°C with a shear rate of 20 s exp(- 

3 1). 

1 9.The complex according to claim 7 wherein the carrageenan has a viscosity of 

2 1 598 cPs measured at 37°C with a shear rate of 20 s exp(-1 ). 

1 10. The complex according to anyone of claims 1-9 wherein the carrageenan is of 

2 lambda type. 

i 11. A process for preparing the complex according to anyone of claims 1-10, 



WO 99/21586 



PCT/EP98/06864 



14 

comprising the following steps: 

a) preparing a homogeneous mixture of drug and carrageenan in suitable 
quantities in order to obtain a final carrageenan complex wherein the drug is 
contained amounts comprised between 1 ,5 and 5 mmol/g carrageenan; 

b) kneading the mixture in an suitable apparatus by adding a water content 
expressed as weight ratio water /polymer + water soluble basic substance 
comprised between 1:3 and 3: 1, 

c) optionally washing the product coming from step (b); 

d) drying the mixture, 

e) milling the dried product until reaching the desired particle size. 

12. The process according to claim 11 wherein in step (b) the water to be added 
expressed as weight ratio water /polymer + water soluble basic substance is 
comprised between 1:2 and 2:1. 

13. A controlled release pharmaceutical composition comprising the complex 
according to anyone of claims 1-10. 

14. The controlled release pharmaceutical composition according to claim 13 
wherein the complex is contained in amounts ranging from 60 to 100% by weight 
based on the total composition weight. 

15. The controlled release pharmaceutical composition according to anyone of 
claims 13 and 14 wherein the complex is contained in amounts ranging from 80 
to 100% by weight based on the total composition weight. 

16. The controlled release pharmaceutical composition according to anyone of 
claims 12 -14, optionally containing up to 5% by weight based on the total 
composition weight of a gellable polymer selected from the group consisting of 
hydroxypropylmethylcellulose, hydroxypropylcellulose having a viscosity 
comprised between 4000 and 100,000 cPs. 

17. The controlled release pharmaceutical composition wherein said gellable 
polymer is contained in amounts comprised between 1 and 4% by weight based 
on the total composition weight 

18. The controlled release pharmaceutical composition according to any one of 
claims 13-17 in the form of tablets , pellets and granules. 
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19. The controlled release pharmaceutical composition according to claim 18 in 
the form of tablets having the ratio surface/volume R comprised between 0.7 and 
0.9. 

20. A process for preparing the controlled release pharmaceutical compositions in 
the form of tablets according to anyone of claims 18 or 19 comprising directly 
compressing the complex according to any one of claims 1-10. 

21. The controlled release pharmaceutical compositions according to claim 18 in 
the form of pellets having an average particle size ranging from 1 to 3 mm. 

22. The controlled release pharmaceutical compositions according to claim 18 in 
the form of granules having an average particle size ranging from 0.2 to 1 mm. 

23. A process for preparing the controlled release pharmaceutical compositions in 
the form of granules according to anyone of claims 18 and 22 or in the form of 
pellets according to anyone of claims 18 and 21 comprising the following steps: 

(i) kneading the carrageenan complex powder according to the present invention 
with an alcoholic solvent in the presence of a binder such as ethyl or 
methylcellulose having a viscosity ranging from 10 to 100 cPs ( 

(ii) granulating the kneaded mixture in a suitable granulator, 

(iii) drying the wet granules or pellets, 

(iv) classification of the granules or the pellets to separate the granules or pellets 
having the desired average particle size. 

24. A process for the preparation of the tablets according to any one of claims 18 
and 1 9 comprising 

i') preparing the granules with the process according to claim 23, 
ii*) compressing the granules coming from step (Y) 

25. A controlled release pharmaceutical composition in the form of a tablet 
containing a: 

A) a core 

B) an external layer completely or partially covering the core tablet containing the 
carrageenan complex with th basic water soluble drug according to any one of 
claims 1-10, said external layer being applied by compression. 

26. Th controlled release pharmaceutical composition according to claim 25 
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wherein the external layer contains the complex according to any one of ciaims 1- 
10 in amounts ranging from 60 to 100%. 

27. The controlled release pharmaceutical composition according to anyone of 
claims 25 and 26 containing the complex according to anyone of claims 1-10. in 
amounts ranging from 80 to 100%. 

28. The controlled release pharmaceutical composition according to anyone of 
claims 25-27 optionally containing up to 5%, by weight based on the total 
composition weight of a gellable polymer selected from the group consisting of 
hydroxypropytmethylcellulose, hydroxypropylcellulose having a viscosity 
comprised between 4000 and 100,000 cPs., in order to further modulate the drug 
release. 

29. The controlled release pharmaceutical composition according to claim 28, 
wherein the gellable polymer content is comprised between 1 and 4% by weight 
based on the total external layer weight. 
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MULT I LAYERED CONTROLLEO-RELEASE ORAL SOLID PHARMACEUTICAL FORMS 

The present invention relates to novel pharmaceutical forms for oral administration 
capable of releasing active substances at controlled and differentiated rate. 
It is well knows that the pharmaceutical forms for the oral administration are the 
overwhelming majority of the pharmaceutical market for numerous and diversified 
reasons which, in the case of tablets, are mainly determined in that they guarantee 
precise dosage, excellent stability of carried active materials and easy administration. 
In the last twenty years, of great importance has been the achievement of more and 
more sophisticated and diversified pharmaceutical forms, with the purpose of 
simplifying the posological scheme and a consequent greater patient's compliance. 
Such so called modified or controlled release pharmaceutical forms were aimed at, in 
the majority of cases, releasing the active material carried therein at constant rate in 
time, following a release kinetics defined as being of zero order. 

In some cases it was also possible to highlight that, to a drug release at a constant 
"in vitro" rate, corresponded a more regular trend of plasmatic levels obtainable 
consequently to the administration to the patient. 

If, in theory, such approach could have been correct so far some drugs are 
concerned, in the practice it has been noticed that, in many cases, the 
pharmacokinetics and pharmacodynamics of the active material in biological liquids 
are influenced and sometimes strictly determined by chronobiological rhythms. 
Furthermore, the developments of systems able to realese the active material at 
constant rate has brought to the designing and therapeutical utilization of dosage 
forms more and more sophisticated that required the use of always new polymeric 
substances with specific properties from the technological and productive point of 
view. However, such polymeric materials, which are normally biocompatible, not 
always appears biodegradable as well, and this implies that residues of these 
polymeric materials employed in creating said therapeutic systems could remain in the 
organism and, above all, by repeated administration, cause unwanted accumulation 
phenomena. 

In this respect, the setting in of now and then serious and, in some cases, lethal 
side effects occurred following the administration of the so called OROS systeme 
osmotic pump disclosed in the US Patent No. 4.160.020, 1979, may be mentioned. 
In the majority of cases, the slowing down of the active material release is obtained 
by utilizing gellable hydrophilic polymers capable of swelling in contact with water 
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and/or aqueous fluids, thereby forming a gelled layer. From these systems the active 

material is in general released according to a Fickiam type kinetics. 

A number of studies and reserach work has been carried out in the past and also 

recently aiming at the modulation of the release rate of the principles- these* 

researches were originated both by needs of therapeutical nature (for instance the 

achievement of determined hematic and bioavailability levels of the drug) and by 

practical problems related to the timing of the drug adiminstration. 

Generally these studies lead to proposals consisting in two layer tablets, prevailingly 

of concentric type, an of which was capable of a fast release of the active principle 

whereas the other was formulated so as to provide a slow or delayed releasing of the 

drug. 

In some cases (WO-A-9305769 and EP-A-0384514) the outer layer is that with slow 
release, whereas the inner one (thus accessible only when the outer layer has fulfilled 
its function) is of the fast release type. 

In other cases (US-A-2993836 and US-A-2887438) the delayed release layer forms on 
the contrary the care of the tablet, whereas the outer coating layer is formulated for 
a fast or instantaneous release of a portion of the active principle. 

Accordingly to further proposals two layer tablets have been disclosed in which the 
composition of the slow release layer was taken into consideration. 

For instance in US-A-2951792 the slow release layer consists of lipidic matrix 
formed by fatty alcohols or acids or more generally fatty derivatives. Besides the 
features relating to the formulation, particular attention is paid to the tablet size and 
to the extension of the area from which the release takes place. 

In the two layer tablet disclosed in GB-A-2123291, the fast release part has a 
conventional composition, whereas that with slow release must conatin at least one 
surface active ingredient. 

Moreover the release delaying agent consists of a mixture of cellulose derivatives and 
of a slow solubilizing agent for the polymer mixture (particularly PEG). 
EP-A-63266 disclosed a two layer composition (a fast release and a slow release 
layer) wherein exclusively sodium alginate is used as the release delaying agent. 
However the prior proposals were not satisfactoy for several reasons, whereby it is 
still of interest the problem of the therapeutical cases wherein the administration (as 
acute or symptomatic treatment) of a first therapeutically effective dose of an active 
material is required, whereas in a following step the slow or at a lower rate 
administration of a maintenance dose of the same or different drug is necessary. 
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These therapeutic needs obviously required complicated posological schemes that not 
always are correctly complied with by the patient, especially if referred to 
outpatient's treated subjects; it is well know in fact that the giving up of a correct 
compliance of the posological schemes is directly proportional to the complexity and ' 
number of the daily required or recommended administrations. 

In the case, for example, of rheumatic diseases, particularly for the night time pain 
treatment, it would be better to have the availability of pharmaceutical forms capable 
of a fast release of a dose of the drug for the so called acute treatment, whilst a 
second quantity should be slowly released, in order to maintain for a more prolonged 
period of time a plasmatic level sufficiently high and therapeutically effective. 
That is, during this second step the release of the active substance should occur at a 
rate comparable to that of the drug elimination (due to either the metabolism or 
normal biological elimination processes). 

The main object of the present invention is to solve the above explained problems 
and drawbacks, keeping unchanged the oral administration form by means of tablets. 
A more specific object of the present invention is a novel pharmaceutical form 
containing one or more active substances that can be released with different release 
kinetics and, namely, that such pharmaceutical form be designed and realized to meet 
the specific therapeutic requirements of particular pathological situations as those 
quoted in the introduction. The new form is in fact intended mainly of the 
administration of one or more drugs, one of which must act immediately, while a 
hematic level or a therapeutic activity for a more prolonged period of time is 
required for the second active substance (or for a portion of the same active 
substance). 

These objects are achieved with the pharmaceutical form of the invention, which 
consists of a solid form having at least two layers of which: 

- at least a first layer contains an active material, carried with usual excipients and 
additives, that is able to promote the compressibility of the mass, in which the 
active material is distributed, such as to guarantee an immediate release of the active 
material, and 

- a least a second layer, superimposed upon the first one, carries a portion of the 
same active material of said first layer or a second active material, the formulation 
of said second layer involving the use of excipients and adjuvants which can adjust 
the releasing rate of the active material at a definitely differentiated rate in 
comparison with that of the above mentioned first layer. 
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The novel formulation in accordance with the present invention allows, as a matter 
of fact, the use of well-established production technologies and to obtain the 
possibility of administering one or more active materials that are released by the 
pharmaceutical formulation with differentiated releasing rates. 

The designed and realised system, as better pointed out by the examples supporting 
the present application, is intended for the administration of: 

1- One drug only, released at different rates: one quantity immediately and a 
quantity within a prolonged and /or anyhow programmable period of time. 

2- Two drugs, one of which is immediately released and the second one within a 
more prolonged period of time. 

3- Association of two drugs, of which one quantity (drug 1 + drug 2) is 
immediately released and one quantity (of both) in a prolonged period of time. 

4- Three drugs, one of which is released fast, a second one is released at a "in 
vitro" programmable speed in a longer period of time, and a the third one, that is 
released in an even more prolonged period of time. 

The figures 1 and 2 of the enclosed drawings show two embodiments of the 
invention respectively with two layers (a and b, fig. 1) and three layers (a, band C, 
fig. 2). 

In preparing the different layers, besides the active material and depending on its 
solubility characteristics in water and/or aqueous liquids, polymeric materials capable 
of adjusting (slow down and /or accelerate) the active material release are also 
employed. 

Among these substances of particular importance as regards the release rate are the 
so-called disintegrating and superdisintegrating polymers. Exhaustive information about 
these polymers are contained in the paper by Shangrow R, et al. Pharmaceutical 
Technology, October 1980, which is hereing recalled for reference. 
With regard to active materials sparingly soluble in water, particular adjuvants to 
facilitate a rapid solubilization can be used, such as cyclodextrins, superd is integrators, 
etc., as reported in the book "Techniques of solubilization of drugs" by S.H. 
Yalkowsky Ed. M. Dekker, New York 1985, and in the Italian patent application No. 
21091 A/90 of July 20, 1990. 

Active materials for the prevention of anginous attacks and hypertensive attacks, such 
as: 

trapidil, diltiazem, verapamil, urapidil, or anti- inflammatory non steroidal (NSAID) or 
steroidal drugs: trapidil (7-diethylamino-5-methyl-l ,2,4-txiazol[l ,5-a]pyrimidine), 
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diltiazem hydrochloride 

(cis-(+)-3-acetoxy-5-(2-dimethylaminoethyl)-2,3-dihydro-2-(4-methoxyphenyl)-l t 5-benz 
othiazepin-4(5H)-one hydrochloride), verapamil hydrochloride 

(5-[N-(3,4-dimetheoxyphenethyl)-N-methylarnino]-2-(3,4-dimethoxyphenyl)-2-isopropylv 
aleronitrile hydrochloride), Urapidil hydrochloride 

(6-[3-(4-o-methoxyphenylpiperazin- 1 -yl)propyte^ 

)-dione hydrochloride) or non steroidal antiinflammatory drugs (NSSAID) or steroidal 
diclofenac sodium (sodium 2-(2,6-dichloroanilino)phenyl]acetate), indomethacin 
([1 -(4-chlorobenzoyl)-5-methoxy-2-methylindol-3-yl]acetic acid), ibuprofen lysine salt 
(2-(4-isobutylphenyl)propionic acid compounded with L-2,6-diaminohexanoic acid 
acetate), ketoprofen (2-(3-benzoylphenyl)propionic acid), diflusinal 

(-(2,4-difluorophenyl)salicylic acid), piroxicam 

(4-hydroxy-2-methyl-N-(2-pyridyl)-2H- 1 ,2-benzothiazine-3-caboxamide 1 , 1 -dioxide), 
naproxen (+)-2-(6-methoxy-2-naphtyl)propionic acid), flurbiprofen 

(2-(2-fluorobiphenyl-4-yl)propionic acid) or sleeping substances and tranquillizers, 
such as diazepam 

(7-chloro-l,3-dihydro-l-methyl-5-phenyl-2H-l,4-benzodiazepin-2-one), nitrazepam 
(l,3-dihydro-7-nistro-5-phenyl-l,4-benzodiazepin-2-one) or antihistamine and/ r 
antiasthmatic drugs, such as ephedrine ((lR,2S)-2-methylamino-l-phenylpropan-l-ol 
hemihydrate), terfenadine (l-(4-tert-butylpheny])-4-[4-(c< 

-hydroxybenzhydryl)piperidino]butan- 1 -ol), teophhylline 
(3,7-dihydro-l,3-dimethylpurine-2,6(lH)-dione), chlorpheniramine 
((±)-3-(4-chloro-phenyl)-NN-dimethyl-3-(2-pyridyl)propylamine hydrogen maleate) can 
be carried in the described pharmaceutical form. 

As polymeric substances for the preparation of said for fast realising layer of the 
active material, cross-linked polyvinilpyrrolidone, microcrystalline cellulose and 
cellulose derivatives, cross-linked sodium carboximethylcellulose, carboxymethylstarch, 
potassium methacrylate-divinyibenzene copolymer, polyvinylalcohols, starches, starch 
derivatives, beta cyclodextrin and dextrin derivatives in general may be for example 
employed. Said polymeric substances make up from 10% to 90% of the layer's 
weight. 

In said first layer other adjuvant substances may further find utilization, consisting 
of the so called effervescent mixtures, namely that can rapidly disintegrate the tablet 
or, in the specific case, the layer when it comes in contact with aqueous liquids 
and, preferably, with gastric juice. 
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These substances include the carbonates and bicarbonates of sodium and of other 
alkali metals or earth-alkali metals, the glycine sodium carbonate and other 
pharmaceutical! y acceptable salts, capable of producing effervescence in an acid 
environment. 

Depending on the pH of the medium where the rapid disgregation of the compacted 
product should occur, further substances such as citric, tartaric, fumaric acids that 
can produce the effervescence and the rapid disgregation of the compacted product 
may find use in the formulation. 

In the preparation of the slow release second layer, adjuvants may be used such as 
natural and/or synthetic polymeric materials belonging to the class of the so called 
hydrophilic gellable polymers, capable of slowing down the active material release 
from said layer. 

The polymeric materials for the preparation of the slow release second layer may be 
selected in the class that includes hydroxypropylmethylcellulose of a molecular weight 
of between 1,000 and 4,000,000, hydroxypropylcellulose of a molecular weight of 
between from 2,000 to 2,000.000, carboxyvinyipolymers, polyvinyl alcohols, glucans, 
scleroglucans, mannans, xanthans, carboxymethylcellulose and its derivatives, 
methylcellulose and, in general, cellulose derivatives. 

Of all the mentioned polymers various types are commercially available, characterized 
by different chemical, physical, solubility and gelling properties, in particular 
concerning hydroxypropylmethylcellulose, various types of different molecular weight 
(1,000 to 4,000,000) and different substitution degree can be employed. 
Said hydroxypropylmethylcellulose types exhibit different characteristics, being 
prevailingly erodible or prevailingly gellable as a function of the viscosity in the 
polymeric chain. According to the solubility of the active material and of the 
hydration and/or erosion properties of the polymeric substance, different release and 
"in vitro" programmable rates could be achieved by suitable tests. 

Said polymeric substances might be present in a percentage of 5 to 90% based on 
the total weight of said second layer but, preferably, from 50 to 85%. 
Finally, excipients usually employed in the pharmaceutical technics can find 
application, such as mannitol, lactose, magnesium stearate, colloidal silica and others 
like glyceril monostearate, hydrogenated castor oil, waxes, mono-, bi- and 
tri-substituted glycerides. 

Onto said finished tablets, a film of polymeric gastroresistant and enterosoluble 
material may be further applied, in order to allow the activation of the system only 
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after the tablet has reached the duodenal-intestinal tract. 

Pharmaceutical systems of this latter type might find use to make tablets specifically 
designed and intended to release the active material in the last part of the intestinal 
tract, namely at the colon level. 

Cellulose acetophthalate, cellulose acetopropionate, cellulose trimellitate, acrylic and 
metacrylic polymers and copolymers, having different molecular weight and solubility 
depending on different pH values, may be used as polymeric materials for realizing 
gastroresistant systems. 

Said gastroresistant and enterosoluble materials can be also utilized associated with 
retardan polymers. 

Said gastroresistant and enterosoluble materials can be also utilized in combination 
with retardant polymers. 

The pharmaceutical form relations of the present invention allow therapeutic results 
and quite impredictable advantages to be reached as it will be confirmed by 
experimental tests carried out both "in vitro" and "in vivo". 

Referring for sake of description simplicity to the case wherein only one active 
material is administered either in the immediate release form or in that of 
programmed release, the pharmaceutical form of the present invention is likely to 
achieve the following results: 

1) The immediate release of an amount of active material such as to set a plasmatic 
concentration equal to the minimum threshold needed for a symptomatic or active 
treatment; if it is borne in mind that, in the pharmaceutical forms for oral use with 
immediate release, a peak or maximum is reached in a time relatively closed to the 
administration arriving at a plasmatic concentration greater than the minimum 
required for a symptomatic therapeutic effect, this also means that with the new 
pharmaceutical form of the present invention the administered dosage is lower as 
compared to that usually estimated for the acute treatment. 

Considering also that many of the drugs involved in the present invention, as for 
example the antinflammatory active principles, often exhibit high toxicity and are 
gastrodetrimental the important advantage thus achieved is clearly evident. 
The slow or retarded release of the same active material starts when a plasmatic 
concentration, higher than that which can be achieved with the only slow release 
form is already secured, whereby plasmotion level higher than those which can be 
achieved with the only slow release form are recured the time being the same from 
the beginning of the treatment. 
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Another aspect adds to such therapeutcially important results, namely that the 
pharmaceutical form of the present invention is prepared by means of production 
technologies consolidated in the practice and presently used, whereby are directly 
applicable on industrial scale. 

The following examples describe, by way of illustration and by no limitation 
whatsoever, the preparation of the pharmaceutical forms according to the invention. 
Example 1: Two-layered tablet, containing 200 mg trapidil, one layer of which 
contains 50 mg for a fast release and the second slow release layer with additional 
150 mg trapidil. 

1-a Preparation of the granulate forming the first fast release layer, comprising as 
active material 50 mg trapidil. 

Trapidil (B • 15910100) 50.0 mg 

Lactose (C.Erba, Milan, I) 25. O mg 

Starch maize (C.Erba, Milan, I) 15. 0 mg 

Polyvinylpyrrolidone (Plasdone K29-32, 

GaT Corp., Wayne, NY USA) l.O mg 

Carboxymethylstarch (Explotab, Edward 

Men dell Co. Inc. Carmel, NY USA) 1O.0 mg 

Magnesium s tear ate (C.Erba, Milan, I) 2.0 mg 

Talc (C.Erba, Milan, I) 3.0 mg 



Total 106.0 mg 



Trapidil, lactose and maize starch are mixed and wetted with a 10% 
polyvinylpyrrolidone solution in ethanol, followed by sieving on a 25 mesh sieve, 
drying so produced the granulate in an oven up to constant weight and sieving again 
on the same sieve. Carboxymethyl starch, magnesium stearate and talc are added, 
mixing thereafter in Turbula for 15 minutes. 

A granulate (granulate A) is in this way made, showing good flow and compacting 
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properties. The granulate undergoes the compression step as hereinafter described. 
1-b Preparation of the granulate used to prepare the second layer containing 150 mg 
slow release trapidil 



Trapidil (B. 15910100) 15O.0 mg 

Mannitol (C.Erba, Milan, I) 85. 0 mg 
Hydroxypropylmethylcellulose (Methocel K 4 K, 

Colocorn Orpington UK) 45. 0 mg 
Polyvinylpyrrolidone (Plasdone K29-32, 

Gaf Corp., Wayne, NY, USA) 7.5 mg 

Magnesium stearate (C.Erba, Milan, I) 1.5 mg 
Colloidal silica (Syloid 244, 

Grace GmbH, Worms D) 1.5 mg 

Total 290.5 mg 



Trapidil, mannitol and hydroxypropylmethylcellulose are mixed and wetted with a 
10% ethanol solution of pyrroiidone. 

After sieving on a 25 mesh sieve, so produced the granulate is dried in an oven at 

40°C up to constant weight and sieved again on the same sieve. The magnesium 

stearate and colloidal silice are added and mixed in Turbula for 10 minutes. 

With this procedure a granulate (granulate B) is obtained with good flow and 

compacting properties. The granulate undergoes the compression step as hereinafter 

described. 

1-c Preparation of finished systems (by compression) 

A Layer Press rotative compression machine (Manesty Liverpool U.K.) is used to 
prepare tablets as shown in Fig. lb; this machine as known by those stilled in the 
art, consist of a rotative compression mechanism equipped with two or three loading 
stations and thus able to make two or three layered tablets. In the specific case, the 
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machine is assembled and set to produce two layered tablets. 

The machine for this purpose is equipped with oblong (capsule-type) punches of 
16x16 mm. The first loading hopper is filled with the granulate described at pront r 
1-a (granulate A), while the second one is filled with the granulate described at 
point 1-b (granulate B). The first loading station is adjusted so as to provide layers 
of 106 mg granulate (equal to 50 mg active material) while the second loading 
station is adjusted so as to provide an amount of granulate B ( slow release active 
material) of 290,5 mg equal to 150 mg active material. 

By operating as previously illustrated, two-layered tablets, are produced weighing on 
average 396,5 mg which totally contain 200 mg trapidil. Said finished systems are 
subjected to the dissolution test as hereunder specified. 
1-d Dissolution test 

To evaluate the releasing features of the finished (two-layered) systems, the basket 
apparatus 1 (described in USP XXII) is utilized, operating at 100 r.p.m. and using as 
a dissolution fluid 1000 ml of deionized water at 37°C. The active material release is 
monitored by U.V. spectrophotometry determination at 299 nm, with an automatic 
system of sampling and quantitative determination, and with an automatic data 
processing program(Spectrocomp 602, Advanced Products-Milano) The test results are 
listed in Table 1 

TABLE 1 

Time (min) % released trapidil 

15 27,0 

30 37,5 

60 45,3 

120 57,7 

240 75,5 

360 100,6 

It clearly appears that 25% of the 200 mg of the carried active material (first 
amount) is fast released in 15 minutes, whereas the second amount is released in 
about 6 hrs. 

The data reported in Table I have been transferred in the figure 3 graph: to help in 
a comparison, figures 4 and 5 report the graphs obtainable with the same dissolution 
test procedure, referred respectively only to the fast release form of 50 mg active 
material (that is of the trapidil itself) and only to the slow release form of 150 mg 
active material. 
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figure 5 shows the same release curves in just one graph, and it is easy to 
appreciate that, with the pharmaceutical form of the present invention, (curve a) an 
• initial peak clearly higher than that attainable with the only form of retarded release 

is achieved, making it sufficient to add in the immediate release pharmaceutical' f rm 
an active material concentration sufficient just to exceed the minimum threshold at 
which an immediate effect or, in other words of symptomatic treatment is attainedto 
achieve the desired result. 

In other words, from figure 5 it can be immediately appreciated that in the 
immediate release form (curve b) the 100% level of the active material release is 
quickly reached (within 15 minutes) and this makes to estimate that such a drug's 
quantity might be similarly absorbed attaining effective plasmatic concentrations. 
Likewise, in the case of administering the only one form of slow or retarded release 
(curve C), the total release occurs after a very long time, and therefore, a release 
level "in vivo" sufficient to produce a therapeutic effect will also be reached after a 
longer time. 

Thus before the present invention, the therapeutical choice had to be made between 
adopting a symptomatic or shock therapy and a treating and maintaining therapy 
without, or at least with a poor symptomatic effect. 

With the pharmaceutical form of the present invention comprising the two dosages of 
the immediate release and slow release forms respectively, as it is easy to verify 
from the corresponding curve (c) of Figure 5, the release is about twice as much as 
that of the only slow release form, and is high enough to produce an immediate 
symptomatic effect. 

Once this initial function is completed, the release takes place in the same way as 
with the slow release form, which consequently affect the release of the immediate 
release form. 

An experimental confirmation of the previous "in vitro" tests has been obtained by 
carrying out the "in vivo" treatment in well being volunteers at the following dosages 
(and by plotting in figure 6 the corresponding plasmatic levels as a function of 
time): 

(i) Fast release pharmaceutical form containing 100 mg of trapidil (curve b of 
figure 6) and 

(ii) Slow release pharmaceutical form containing 200 mg of trapidil (curve c of 
figure 6) and 

(iii) Pharmaceutical form according to the presente invention containing 200 mg of 
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trapidil wherein the 25% of the active material dose was present as a fast release 

amount, and the remaining 75% was present as a slow release amount (curve a of 
figure 6). 

The numerical data of the aforementioned plasmatic levels are listed in Table 1A 
which follows. 
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From Table and figure 6 it can be immediately appreciated as the pharmaceutical 
form of the present invention makes it possible to reach the above mentioned 
therapeutic advantages, namely the effect of the symptomatic treatment (obviously by 
adjusting in a suitable manner the dosage of the fast release portion and that of 
ensuring that the slow release form will maintain its effect. 

In addition the symptomatic effect is obtained with a lower dosage of active 
principle (obviously calculated so as to exceed the threshold over which the acute 
effect is attained), with the clear advantages in terms of lower toxicity or, in the 
case of anti-inflammatory non-steroidal drugs (FANS), lower gastroiesiveness besides a 
minor quantity administered to the patient. 

Example 2 - Two - layered tablet containing 400 mg of 
4-methoxy-N 3 -(3-pyrimidilmethyl)l ,3- benzenedicarboxamide (compound hereinafter 
indicated with G619), of which one layer contains 200 mg of active material for a 
fast release and in a second layer there are 200 additional mg of G619 for slow 
release. 

2-a Preparation of the granulate forming the first fast release layer, containing 200 
mg of G619 as active material. 



G 619 (Farma resa batch n. 89043 


2O0. 


OO 


mg 


Maize starch 


75. 


OO 


mg 


Mannitol 


25. 


OO 


mg 


Polyvinylpirrolidone (1096 in ethanol) 


6. 


25 


mg 


Carboxymethylstarch ( Exp lo tab ) 


io. 


OO 


mg 


Magnesium s tear ate (C.Erba) 


3. 


,75 


mg 


Colloidal Silica (Syloid 244) 




75 


mg 


Total 


320. 


.75 


mg 
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2-b Preparation of the granulated used for preparing the second slow release layer 
wherein 200 mg of G619 are contained. 



G 619 (Farma resa batch N. 89043) 200.0 mg 

Mannitol (C.Erba, Mila, I) 50.0 mg 
Hydroxypropylmethylcellulose (Methocel K 4 M, 

Colorcon, Orpington UK) 30.0 mg 
Hydroxypropylmethylcellulose (Methocel E 5, 

Colorcon, Orpington UK) 30.0 mg 
Polyvinylpyrrolidone (Plasdone K29-32, 

Gaf Corp, Wayne NY USA) 13.0 mg 

Magnesium Stearate (C.Erba, Milan, 1) 2.5 mg 
Colloidal Silica (Syloid 244, Grace GmbH, 

Worms, D) 0.5 mg 



Total 326. O mg 



Both these layers are prepared as per Example 1. 

2-c Preparation of the finished systems (by compression) 

The same rotative compression machine, equipped with oblong (capsule-type) punches 
of 19 x 9 mm, as described in Example 1, is used to prepare the tablets. 
The first loading hopper is filled with the granulate described at point 2 -a (granulate 
A), while the second one is filled with the granulate described in 2-b (granulate B). 
The first loading station is adjusted in order to provide layers of 320,75 mg of 
granulate (equal to 200 mg active material), while the second loading station is 
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adjusted so as to provide an amount of granulate B (with slow active material 
release) of 326,0 mg equal to 200 mg active material. 

By operating as previously illustrated, two-layered tablets with an average weight of 
646,75 mg, totally containig 400 mg of G619, are produced. 

Said finished systems are subjected to the dissolution test as hereunder specified. 
2-d Dissolution test 

To evaluate the releasing features of the finished (two-layered) systems, the 2 paddle 
apparatus (as per USPXXII) is used, operating at 100 r.p.m. and with 1000 ml at 
37°C of deionized water used as a dissolution fluid. The active material release is 
monitored by U.V. spectrophotometry determination at 251 nm, with an automatic 
system of sampling and dosage, as well as with an automatic data processing program 
(Spectracomp 602, Advanced Products Milano). 
The results of the tests carried out are listed in Table II. 

TABLE II 

Time (min) % Released G619 

15 53,0 

30 58,5 

60 65,0 

120 78,2 

180 90,3 

240 98,5 

360 100,4 



It is evident that of the 400 mg of the carried active material, 50% (first amount) is 
fast released, in 15 minutes, whereas the second amount is released in about 4-6 
hours. 

Example 3 - Two layer tablet containing 800 mg of ibuprofen, one fast release layer 
containing 250 mg of active principle and the other slow release layer containing 550 
mg of ibuprofen. 

3 -a Preparation of the granulate forming the first fast release layer containing as the 
active principle 250 mg of ibuprofen. 
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Ibuprofen (CFM B. 2235/18/87) 250.00 mg 

Maize starch (USP grade, C.Erba, Milan, I) 74.63 mg 

Dye (Nacarat Red E 120) 0.25 mg 

Methylcellulose (BDH, Poole, UK) 1.25 mg 

Sodium laurylsulfate (C.Erba, Milan, I) 0.75 mg 

Carboxymethylstarch (USP grade) 18.75 mg 
Crosslinked polyvinylpyrrolidone 

(Polyplasdone XL, ISP, Wayne, US) 7.50 mg 

Magnesium stearate (C.Erba, Milan, I) 3.37 mg 



Total 356.50 mg 



The manufacturing process comprises the preparation of a granulate obtained by 
admixing, in a sigma mixer (Erweka model type K 5, Frankfuert a.M., D) the 
proper amounts of active principle and 50 mg of maize starch; the homogeneous 
powder mixture is wetted with a 1.3% (w/v) aqueous solution of methylcellulose in 
which the sodium laurylsulfate and the dye have been previously dissolved; the 
homogeneously moistened mass is forced through a 25 mesh (710 um) grid leading to 
a regular granulate which is dried in an air circulation oven at 40-45°C. 
The granulate, after drying to constant weight, is placed into a powder mixer 
(Turbula mod.T2A, Bachofen, Basel, CH), added with the crosslinked 
polyvinylpyrrolidone, the remaining 24.63 mg of maize starch and the 
carboxymethylstarch and admixed for 20 minutes. Then the magnesium stearate is 
added and the admixing is continued for further 20 minutes. The granulate, 
lubricated and analyzed for the content of active principle, is subjected to the 
hereinafter described compression phase. 

3-b Preparation of the granulate used for the second slow release layer containing 
550 mg of ibuprof n. 
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Ibuprofen (CFM B. 2235/18/87) 550.0 rag 
Hydroxypropylme-thylcellulose 

(Methocel K4M Colorcon, Orpington UK) 183.3 mg 

Mannitol (C.Erba, Milan. I) 110.0 mg 
Polyvinylpyrrolidone (Plasdone 

K 29 ISP, Wayne, NY USA) 18.3 mg 

Talc (C.Erba, Milan, I) 16 * 5 

Magnesium stearate (C.Erba, Milan, I) 3.7 mg 
Colloidal silica (Syloid 244, 

Grace GmbH, Worms D) °- 9 m S 



Total 882.7 mg 

A granulate is preparaed by admixing in a sigma nixer (Erweka model type K5) the 
proper amounts of ibuprofen, mannitol and hydroxypropylmethylcellulose (Methocel 
K4M, apparent viscosity 4,000 cP); the homogeneous powder mixture is wetted with 
a 10% (w/v) alcoholic solution of polyvinylpyrrolidone and the homogeneously wetted 
mass is forced through a 25 mesh grid leading to a regular granulate which is dried 
in an ailr circulation oven at 40-45°C.The granulate, dried to constant weight, is 
placed in a powder mixer (Turbula model T2A) and added with talc, magnesium 
stearate and colloidal silica, and admixed for 20 minutes. The granulate is then 
compressed as hereinafter described. 

3-c Preparation of the finished systems (by compression) 

For the preparation of the tablets the same rotating compression machine and the 
same operating conditions as in the previous examples are used, so as to obtain two 
layer tablets. 

The resulting tablets have an average weight of 1239.2 mg containing on the whole 
800 mg of ibuprofen, which are subjected to the dissolution test as hereinafter 
specified. 

3-d Dissolution test 



SUBSTITUTE SHEET (RULE 26) 



WO 95/01781 



PCT/EP94/01050 



- 19 - 

In order to assess the realeasing behaviour of the tablets the 2 paddle apparatus is 
used (USP XXII) adjusted for a vessel of 5 litres capacity in order to maintaining 
the sink conditions, the test being carried out at 100 r.p.m. and using as th 
dissolution fluid 5 1 of simulated intestinal fluid (USP XXII), without enzymes at 
37°C. The release of the active principle is monitored by U.V. spectrophotometry 
measurement at 223 nm, using an automatic sampling and reading system 
(Spectracomp 602 of Advanced Products, Milano, I). 
The results of the test are reported in the following table III 

Table HI 

time (h) Released % (total) 



0.5 


31.3 


2 


37.0 


4 


42.9 


8 


52.9 


12 


66.2 


16 


78.5 


20 


88.0 


24 


99.1 



It is thus seen that from the tablets the fast release of the first amount of drug 
(about 31% of the total) is obtained within 30 minutes, whereas in the second phase, 
definitely differentiated from the first one, the drug is released under controlled rate 
in about 24 hours. 

The foregoing examples refer to pharmaceutical forms containing only one active 
material divided within two layers. 

It is understood that is also possible and foreseen within the scope of the present 
invention to produce, with the above mentioned procedures, three-layered 
pharmaceutical forms, that is with delayed release of the same active material but 
adjusted at different rates from one layer to another. 

Similarly, the third layer might instead include another active material for 
supplementing, at a certain point of the treatment, the therapeutic effect of the first 
active material, already released in fast and/or slow released form as well. 
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So far the realisation of the aforementioned pharmaceutical forms is concerned, these 
are made with the galenical technics already cited, and by employing the adjuvants 
and carriers well known by themselves in the technical field. 

It should be finally noted that the previous list of the active materials which ca-n be 
used in the pharmaceutical forms of the present invention is not intended as a limit 
since* as it is evident, the invention is extended to all the active materials, - for 
which is foreseen or foreseable either the fast release administration for a systemic 
therapeutic effect or the slow release administration for a treatment of maintaining 
or prolonging the main therapeutical effect. 
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CLAIMS 

1. Pharmaceutical form for oral administration and in a solid form capable of 
releasing the active material or the active materials carried therein in subsequent 
times, characterized in that: 

- at least a first layer contains an active material, carried with excipients and 
additives, selected from the group of the disintegrating and/or superdisintegrating 
croos-linked, such as cross-linked polyvinylpyrrolidone, sodium carboxy 
methylcellulose carboxymethyl starch, potassium methacrylate - divinylbenzene 
copolymer, polyvinylalcohols, starches, starch derivatives, microcrystalline cellulose an 
cellulosic derivatives, beta cyclodextrin, dextrins derivatives, and their mixtures such 
as to guarantee a fast release of the active material and 

- at least a second layer, placed upon the first, containing a portion of the same 
active material of said first layer or of a second active material, the formulation of 
said second layer involving the use of excipients and adjuvants which can adjust the 
releasing rate of the active material at a definitely differentiated value in comparison 
with that of the aforementioned first layer, selected from the group comprising 
hydroxypropylmethylcellulose of molecular weight from 1.000 to 4.000.000, 
hydroxypropylcellulose of molecular weight from 2,000 to 2,000,000, 
carboxyvinylpolymers, polyvinylalcohls, glucans, scleroglucans, mannans,xanthans, 
alginic acid and poly(methyicellulose and it derivatives, methylcellulose. 

2. Pharmaceutical form according to claims 1, characterized in that said disintetrating 
or superdisintetrating compounds of said first layer make up from 10 to 90% by 
weight of the same layer preferably from 20 to 70% by weight. 

3. Pharmaceutical form according to Claim 1, characterized in that said additives 
contained in said first layer are adjuvants selected form the groups including starch, 
pregelled starch, calcium phosphate, mannitol, lactose, sucrose, glucose, sorbitol, 
microcrystalline cellulose and binding agents such as gelatin, polyvinylpyrrolidone, 
methyl cellulose, starch water (o paste) ethylcellulose, gum arabic, tragacanth gum, 
and lubricants and antiadhering compounds such as magnesium stearate, stearic acid, 
colloidal silica, glyceril mnostearate, polyoxyethyleneglycols of 400 to 50000 molecular 
waight, hydrogenated castoroil, waxes and mono, bi and tri-substituted glycerides. 

4. Pharmaceutical form according to Claim 1, characterized in that said additives in 
said first layer are made of effervescent mixture that is capable to cause a rapid 
disintegration said first layer when it camos in contact with an aqueous enviroument 
and preferably with gastric juice. 
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5. Pharmaceutical form according to Claim 4, characterized in that said additives are 
selected from the group of sodium carbonates and/or of other alkaline metals and/or 
alkaline-earth metals, sodium bicarbonate and other bicarbonates, glycine sodium 
carbonate, and other pharmaceutical^ acceptable salts, that can produce effervescence 
in acid anviroument, as well citric acid, tartaric acid, fumaric acid, capable of 
producing the effervescence and the rapid disintegration of said first layer, 
indipendently from the pH. 

6. Pharmaceutical form according to Claim 5, characterized in that said materials 
capable of producing effervescence make up 3 to 40% by weight of said first layer. 

7. Pharmaceutical form according to Claim 1, characterized in that it comprises a 
second and a third layer including a same or different active material together with 
polymeric materials, excipients and adjuvants. 

8. Pharmaceutical form according to Claim 7, characterized in that said polymeric 
materials of said second and possible third layer make up to 5 to 90% by weight of 
the same layer. 

9. Pharmaceutical form according to Claim 1, characterized in that said adjuvants 
contained in said at least one slow release layer are selected from the group 
including polyvinylpyrrolidone, methylcellulose, starch water (o paste) ethylcellulose, 
arabic gum and tragacanth gum, and other materials with binding properties in wet 
and/or dry conditions. 

10. Pharmaceutical form according to Claim 1, characterized in that said adjuvants of 
said least one slow release layer are selected form the group comprising glyceril 
monostearate, semi-synthetic glycerides, glycerilpalmitostearate, glyceril behenate, 
microcristalline cellulose, sodium carboxymethylcellulose, magnesium stearate, stearic 
acid, sodium stearate, talc, sodium benzoate, boric acid and colloidal silica. 

11. Pharmaceutical form according to Claim 1, characterized in that said adjuvants of 
said at least one slow release layer are selected from the group comprising 
hydrogenated castor oil, fatty acids, waxes and mono-bi-and tri-substituted glucerides, 
polyoxyethyleneglycols and their derivatives with molecular weight of form 400 to 
60.000. 

12. Pharmaceutical form according to Claim 1, characterized in that said active 
materials are selected form the group including steroidal or non-steroidal 
an ti- inflammatories (NSAID1), sleeping substances and tranquillizers, active substances 
for preventing anginous and hypertensive attacks, and antihistaminic acnd/or 
antiasthmatic drugs and combinations thereof. 
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13. Pharmaceutical form according to Claim 12, characterized in that said 
anti- inflammatory is selected from diclofenac sodium, indomethacin, ibuprofen, 
ibuprofen lysine salt, ketoprofen, difiunisal, piroxicam, naproxen, flurbiprofen. 

14. Pharmaceutical form according to Claim 12, charaterized in that said sleeping " 
substance or tranquillizer is selected among diazepam, nitrazepam, flurozepam, 
oxazepam, chlorodiazepoxide. 

15. Pharmaceutical form according to Claim 12 charaterized in that said antianginous 
and antihypertensive active material is selected among diltiazem, trapidil, verapamil, 
urapidil, benziodarone dipyridamole. 

16. Pharmaceutical form according to claim 12, characterized in that said 
antihistaminic or antiasthmatic material is selected among ephedrine, terfenadine, 
theophylline, chlorpheniramine, terbutiline. 

17. Pharmaceutical form according to Claim 1, characterized in that said first layer 
has a thickness from 0,5 to 5 mm and contains from 1 to 90% by weight of active 
material. 

18. Pharmaceutical form according to Claim 1, characterized in that said second layer 
and possible third layer has a thickness of from 0,1 to 6,0 mm and contains from 
10 to 90% by weight of geliable, and/or soluble and/or erodible polymer and from 1 
to 90% by weight of active material. 

19. Pharmaceutical form according to claim 1 or 8, characterized in that said second 
and third layer contain a portion of the same active material carried in the first 
layer. 

20. Pharmaceutical form according to Claim 1 or 8, characterized in that an active 
material, different from that included in the first layer, is carried in the second and 
third layer. 

21. Pharmaceutical form according to Claims 1 or 8, characterized in that said third 
layer contains, in addition to the active material or active materials, also other 
adjuvants selected among those mentioned in Claims 1 to 6. 
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Background of the Invention 
The convenience and advantages of administering a single dose of medication 
which provides prolonged or sustained-release as opposed to the administration of a 
number of single doses at regular intervals are indisputable. Conventionally, 
5 sustained-release is achieved by controlling dissolution and/or diffusion of the 
medicament from the dosage form. Several carrier materials which are employed 
for this purpose include waxes, fatty materials, polymers, natural, synthetic and 
semi-synthetic gums, etc. Among the gums, hydroxypropylmethylceiluloses consti- 
tute an important class of materials because of their pH-independent effect as w 11 

10 as their synthetic origin as opposed to the natural gums such as alginates, Karaya, 
Guar, Locust bean, etc. 

The use of hydroxypropylmethylceiluloses as carrier bases in sustained-action 
tablets has been well-established. For example, Christensen et al. (U.S. Patent 
3,065,143) teach sustained-release tablets which contain a hydroxypropylmethyl- 

15 cellulose which, upon contact with gastric fluid, swells and forms a water- 
impermeable barrier on the tablet surface thereby providing sustained release by 
diffusion of drug through the barrier. It is clear from their teachings that the gum 
has to be pressed into a tablet for it to work as a sustained-action agent. Sheth et 
al.-(U.S. Patent 4,167,558) disclose sustained-release tablets containing hydroxy- 

20 propylmethylcellulose 60 HG. Again the dosage form is tablet and in addition there 
is a restriction on the density of the tablets to assure buoyancy and release the 
whole of the medicament in the stomach. Lowey et al. (U.S. Patent 3,870,790) 
disclose a solid, compressed buccal product containing low molecular weight 
hydroxypropylmethylcellulose which has been modified by humidification and air- 

25 drying. Similarly, Schor (U.S. Patent 4,226,849) disclosed the invention of tablets, 
lozenges, suppositories and/or other compressed dosage forms, which have pro- 
longed-release wherein the hydroxypropylmethylcellulose has been subjected to 
hydrolysis and oxidation to generate a desired minimum concentration of carbonyl 
and carboxyl groups. The hydroxypropylmethylcellulose used in these teachings are 

30 of low molecular weight. In another patent (U.S. Patent 4,389,393) Schor et al. 
disclose the use of high molecular weight hydroxypropylmethylceiluloses in low 
concentrations for achieving sustained drug release action from compressed solid 
dosage forms. The hydroxypropylmethylceiluloses used by Schor et al. have a 
molecular weight above 50,000, a methoxyl content of 16-24% and hydroxypropoxyl 

35 content of 4-32%. Thus, Schor et al. (4,389,393) require that the material be 
compressed and it is clear from these teachings and those of Christensen et al. 
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(U.S. Patent 3,065,143), Sheth et al.. (4,167,558), Lowey et al. (3,870,790) and Schor 
et al. (4,226,849 and 4,389,393) that compression is essential for the formation of a 
diffusion barrier layer on the surface of the oral dosage form to provide sustained 
action. 

5 Sheth and Tossounian (U.S. Patent 4,126,672) showed that hydroxypropyl- 

methylcellulose provides sustained release in a buoyant capsule dosage form. 
However, because of the buoyancy constraints, the density of the capsules may 
have to be adjusted by the use of a fatty material so that the capsules float in the 
gastric fluid* It is clear from their teachings that floating is essential for their 
10 concept to work. Henderson et al. (U.S. Patent 3,427,378) disclose capsules for 
sustained-release of medicament wherein a gum such as sodium alginate is 
incorporated into the pharmaceutical formulation in an amount of from 70 to 99 
percent by weight and preferably 85 to 98 percent and the capsules are, as a 
critical feature, completely filled. 

15 Description of the Invention 

This invention provides a unit dosage form for administration of a therapeutic 
agent, which does not require expensive compression and granulation processing 
characteristic of the prior art sustained-release tablets, or density control re- 
straints characteristic of the prior art capsules, while providing substantially the 

20 same slow drug release heretofore obtained with compressed tablets. The unit 
dosage form of this invention provides sustained release of drug independent of 
gastrointestinal pH and is therefore equally effective both in the stomach and 
intestine. By "independent," it is not meant that no change in dissolution rate 
occurs with change of pH, but that any change is so insubstantial that drug delivery 

25 is not meaningfully altered. 

In essence, it has been discovered that pharmaceutical compositions formu- 
lated with relatively high molecular weight hydroxypropylmethylcellulose 
(> 50,000) which heretofore have been employed in the production of compressed 
unit dosage forms such as tablets, buccal lozenges, suppositories, etc. may be used 

30 without compression in hard gelatin capsules without loss of the sustained release 
effect observed in compressed tablets. Although the pharmaceutical literature has 
well documented the necessity for compressing hydroxypropylmethylcellulose- 
containing drug formulations to provide an external surface barrier to drug release, 
or for control of the density of an encapsulated drug formulation compounded with 

35 hydroxypropylmethylcellulose to provide buoyancy and hold the capsule in the 
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stomach, applicants have found that neither of these preparative restrictions are 
necessary to provide a sustained release unit dosage capsule for administration. 
The formulations employed in this invention are not tailored to ensure buoyancy in 
gastric fluids and they are equally effective when administered in such manner as 
5 to be retained with a food bolus* passing into the small intestine. No special 
attention or limitation as to internal porosity is required with the formulations of 
this invention. 

Thus, in accordance with this invention, there is provided a gastrointestinal, 
pH-independent, sustained-release pharmaceutical unit dosage form comprising a 

10 hard gelatin capsule containing a pulverulent admixture of a therapeutically active 
medicament; from about 10 to about 60 percent by weight of at least one hydroxy- 
propylmethylcellulose possessing a methoxy content of 16 to 24 weight percent, a 
hydroxypropoxyl content of 4 to 32 weight percent and a number average molecular 
weight of at least 50,000; and a pharmaceutical^ acceptable, nonpharmacological- 

15 ly functional adjuvant therefor. 

The hydroxypropylmethylcelluloses employed in production of the sustained- 
release capsules are commercially available. In essence, any hydroxypropylmethyl- 
cellulose (HPMC) possessing the characteristics of Methocel® K4M, K15M and 
K100M are applicable, individually and as mixtures. Each of these hydrophilic 

20 materials have a methoxy content of about 16 to about 24 weight percent, a 
hydroxypropyl content of about 4 to about 32 weight percent and a number average 
molecular weight of at least 50,000. The proportion of hydroxypropylmethylcellu- 
lose to total capsule weight may vary from about 10 to about 60 percent to provide 
release rates of drug over a 6 to about 12 hour period. Although the release rates 

25 achieved with hard gelatin capsules containing drug formulations and hydroxy- 
propylmethylcellulose in accordance with this invention will differ somewhat 
depending upon the specific drug being compounded, the sustained release effect is 
readily achieved. Modification of the release rate may be attained by altering the 
hydroxypropylmethylcellulose to drug ratio within the limits indicated above. 

30 Generally, an increased content of hydroxypropylmethylcellulose will prolong the 
release rate of a given drug as may be seen from the experimental data presented, 
infra. An optimum release rate is obtained when near total dissolution of the 
therapeutic agent at a substantially uniform rate is achieved over a period of from 
six to twelve hours and preferably in about eight hours. 

35 Any therapeutic agent suitable for oral administration may be formulated in 

conformance with this disclosure and encapsulated to provide a sustained release 
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unit dosage capsule. Thus, tranquilizers, analgesics, antihypertensives and similar 
drugs may be readily formulated for use in sustained release capsule form. 

" In addition to the therapeutic agent and hydroxypropylmethylcellulose, other 
conventional additives such as fillers and binders (microcrystalline cellulose, 
5 lactose, dicalcium phosphate dihydrate, etc.); lubricants (magnesium stearate, 
stearic acid, etc.); glidants (colloidal silicon dioxide, talc, etc.); hydrophilic gums 
(methylcellulose, hydroxypropylcellulose, hydroxyethylcellulose, sodium carboxy- 
methylcellulose, etc); disintegrants (starch, sodium starch glycolate, etc.); preser- 
vatives (methylparahydroxy benzoate, benzoic acid, etc.); antioxidants (ascorbic 

10 acid, sodium bisulfite, etc.) and colorants (certified dyes) may be employed in the 
.formulations for filling hard gelatin capsules without materially changing the 
sustained release rate of medicament achieved with the indicated high molecular 
weight hydroxypropylmethylcellulose material. 

The pharmaceutical compositions of this invention are prepared by blending 

15 an admixture of the ingredients and filling hard gelatin capsules therewith by hand 
or machine. Where the particulate size of any one component of the composition, 
or the mixture in its entirety, is of such size as to detract from the production of a 
homogeneous or near homogeneous blend for subsequent processing, or the desired 
performance of the finished dosage form (e.g. dissolution, stability, uniformity, 

20 weight variation, etc.), that component or the entire mixture may be milled to any 
desired size prior to a final blending and capsule filling. 

The following examples illustrate several specific formulations for filling 
hard gelatin capsules to produce sustained release doses of the indicated therapeu- 
tic agents. For purposes of this illustration, the drugs used were: 

25 Oxazepam 7-chloro-l,3-dihydro-3-hydroxy-5-phenyl-2H-l ,4-benzodiazepin-2- 
one; 

Ciramadol l-cis-2-(a-dimethylamino-m-hydroxybenzyl)cyclohexanol; 
Guanabenz (EH(2,6-dichlorobenzylidene)amino ]guanidine; and 
Lorazepam 7-chloro-5-(o-chlorophenyl)-l ,3-dihydro-3-hydroxy-2H-l ,4-benzo- 
30 diazepin-2-one. 
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Example 1 

Hydroxypropylmethylcellulose. 10 percent 

Oxazepam USP 
5 Hydroxypropylmethylcellulose 2208 USP 
Microcrystalline Cellulose NF 
Lactose USP Hydrous 
Colloidal Silicon Dioxide NF 
Magnesium Stearate NT 

10 TOTAL 

Example 2 

Hydroxypropylmethylcellulose 20 percent 

Oxazepam USP 
15 Hydroxypropylmethylcellulose 2208 USP 
Microcrystalline Cellulose NF 
Lactose USP Hydrous 
Colloidal Silicon Dioxide NF 
Magnesium Stearate NF 

20 TOTAL 

Example 3 

Hydroxypropylmethylcellulose 30 percent 

Oxazepam USP 
25 Hydroxypropylmethylcellulose 2208 USP 
Microcrystalline Cellulose NF 
Lactose USP Hydrous 
Colloidal Silicon Dioxide NF 
Magnesium Stearate NF 



30 



TOTAL 
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Example 4 

Hydroxypropylmethylcellulose 25 percent 



mg 

Ciramadol Hydrochloride 68-80 

5 Hydroxypropylmethylcellulose 2208 USP 112.50 

Microcrystalline Cellulose NF 110.26 

Lactose USP Hydrous 152.27 

Colloidal Silicon Dioxide NF 4.50 „ 

Magnesium Stearate NF 1-67 



TOTAL 450.00 



Example 5 

Hydroxypropylmethylcellulose 60 percent 

mg 

Guanabenz Acetate 20.20 

15 Hydroxypropylmethylcellulose 2208 USP 90.00 

Lactose USP Hydrous 39.05 

Magnesium Stearate NF 0-75 

TOTAL 15O.Q0 



Example 6 

20 Hydroxypropylmethylcellulose 40 percent 



mg 

Lorazepam 2.00 
Hydroxypropylmethylcellulose 2208 USP 40.00 
Microcrystalline Cellulose NF 30.00 
25 Lactose USP Hydrous 27.50 
Magnesium Stearate NF 0.50 



TOTAL 100.00 
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In each of the preceding examples, all the ingredients were mixed together in 
a Twin-shell ® blender for 10 minutes, milled through a Fitz Mill®, and mixed again 
for 10 minutes in the same blender. The blend was then filled into hard gelatin 
capsules using a Zanasi LZ64 capsule-filling machine. 

5 The above formulations provide sustained-release for 6-12 hours in vitro as 

shown in Table I. The dissolution rate study employed to obtain the data reported 
in Table I was performed in an apparatus conforming to that described as 
Apparatus 2 in U.S. Pharmacopeia XX page 959 (1980) by the method therein 
described, at 50 r.p.m. or 100 r.p.m. The dissolution medium was 500 ml 0.1N HC1 

10 for the first hour after which 500 ml phosphate buffer was added to afford a pH of 
7.4, comparable to that found in the intestine. A spring coil was employed to sink 
the capsules and insure that they did not float* 



Table I ; Dissolution Data for Various Sustained-Action Capsules 
Containing Hydroxypropylmethylcellulose Carrier Base. 
15 (% Drug Dissolved as an Average of Six Capsules) 



Formulation of 



Example No. 


1 Hour 


2 Hours 


4 Hours 


6 Hours 


8 Hours 


1 2 Hours 


1 


20 


57 


90 


97 






2 


26 


56 


' 79 


86 


88 


94 


3 


15 


36 


55 


69 


79 


92 


4 


37 


60 


82 


95 


100 




5 


28 


47 


68 


84 


93 


94 


6 


20 


32 


50 


67 


82 


94 



To illustrate the comparable dissolution rates between compressed tablets 
25 and the capsules of this invention employing the same formulation, the following 
data was obtained with the appropriate formulations disclosed, supra , and with that 
of Example 7. 
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Example 7 

Hydroxypropylmethylcellulose 38,6 percent 

Guanabenz Acetate 20.2 mg 

Hydroxypropylmethylcellulose 2208, USP 61.7 mg 

5 Magnesium stearate, NF 0.55 mg 

Microcrystalline cellulose, NF 22.0 mg 

Lactose, USP 45.6 mg 

Sodium starch glycolate, NF 10.0 mg 

TOTAL 160.0 mg 



10 The tablets were conventionally prepared and the capsules were prepared by 
machine-filling as described, supra . The procedure followed in obtaining this 
dissolution rate data was the same as that disclosed, supra , except that the study 
employing guanabenz were, run in all acid (0.1 N HC1) without addition of buffer, 
and all samples were run at a paddle speed of 50 RPM. 



15 Table II : Dissolution Data Comparing Tablets and Capsules Prepared 
With the Same Powder Blend or Granulation. 
(% Dissolved as an Average of Six Capsules and Tablets) 



Oxazepam with 20% Guanabenz with 38,6% Ciramadol with 25% 
HPMC 2208 USP HPMC 2208 USP HPMC 2208 USP 



Time 
(Hours) 


Tablets : 


Capsules 


Tablets 


Capsules 


Tablets 


Capsules 


1 


12.5 


13.5 


35.0 


37.5 


26.5 


37 


2 


22.5 


22.5 


52.0 


56.0 


41.5 


60 


4 


33.0 


32.0 


77.0 


80.0 


57.5 


82 


6 


40.0 


39.0 


93.0 


92.0 


75.0 


95 


8 


46.0 


46.0 


93.0 


98.0 


85.0 


complete 


10 


52.5 


52.0 


95.5 


98.0 


93.5 


complete 


12 


56.5 


55.5 


97.0 


96.0 


96.5 


complete 
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To demonstrate that there is no property imparted to the capsules of this 
invention by the encapsulating machine, the data presented in Table IE compares 
the dissolution rate of hand-filled capsules with those containing the same 
formulations when filled with a Zanasi LZ64 encapsulating machine. Hie 
5 formulations employed were those shown in Examples 2 and 6. 

Table in? Dissolution of Hand-Filled and Machine-Filled Capsules 
(% Dissolved as an Average of Six Capsules) • 

Oxazepam (Example 2) Lorazepam (Example 6) 



Time 

10 (Hours) Hand f illed Machine filled Hand f illed Machine filled 

1 17 26 24 20 

2 44 56 37 32 
4 68 79 ~ 55 50 
6 80 86 71 67 

15 8 81 88 88 82 

12 84 94 99 94 

20 91 98 100 94 



From these data, the preferred quantity of defined hydroxypropylm ethyl- 
cellulose for general incorporation into pharmaceutical formulations for encapsula- 

20 tion can be seen to be from about 10 to about 50 weight percent. For the 
individual drugs herein exemplified the preferred quantity of defined hydroxy- 
propylmethylcellulose is from about 15 to about 40 weight percent with oxazepam; 
about 20 to about 50 weight percent with lorazepam and from about 15 to about 50 
weight percent with ciramadol. 

25 Thus, the advantages of capsule dosage forms with no loss of sustained drug- 

release rate presently found in compressed tablets, clearly characterizes the 
benefits of this invention. 
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CLAIMS 

1. A gastrointestinal pH independent sustained release pharmaceutical unit 
dosage form comprising a hard gelatin capsule containing a pulverulent admixture 
of a therapeutically active medicament; from about 10 to about 60 percent by 

5 weight of at least one hydroxypropylmethylcellulose possessing a methoxy content 
of 16 to 24 weight percent, a hydroxypropoxyl content of 4 to 32 weight percent 
and a number average molecular weight of at least 50,000; and a pharmaceutically 
acceptable, nonpharmacologically functional adjuvant therefor* 

2. A pharmaceutical unit dosage, form of Claim 1 in which said hydroxy- 
10 propylmethylcellulose is present in an amount of from about 10 to about 50 percent 

by weight. 

3. A sustained-release pharmaceutical composition in capsule form as 
claimed in Claim 1 for oral administration of oxazepam, which comprises a 
pharmaceutically effective amount of oxazepam admixed with a hydroxypropyl- 

15 methylcellulose wherein said hydroxypropylmethylcellulose has a methoxyl content 
of about 16-24 percent, a hydroxypropoxyl content of about 4-32 percent and an 
average number molecular weight above 50,000 and said hydroxypropylmethyl- 
cellulose represents between about 10 to about 60 weight percent of the contents 
. of said capsule. 

20 4. A pharmaceutical composition in capsule form as claimed in Claim 3 in 

which said hydroxypropylmethylcellulose represents between about 15 to about 40 
percent of the contents of said capsule. 

5. A sustained-release pharmaceutical composition in capsule form as 
claimed in Claim 1 for oral administration of lorazepam, which comprises a 

25 pharmaceutically effective amount of lorazepam admixed with a hydroxypropyl- 
methylcellulose wherein said hydroxypropylmethylcellulose has a methoxyl content 
of about 16-24 percent, a hydroxypropoxyl content of about 4-32 percent and an 
average number molecular weight above 50,000 and said hydroxypropylmethyl- 
cellulose represents between about 10 to about 60 weight percent of the contents 

30 of said capsule. 



1 
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6. A pharmaceutical composition in capsule form as claimed in Claim 5 in 
which said hydroxypropylmethylcellulose represents between about 20 to about 50 
percent of the contents of said capsule* 

?• A sustained-release pharmaceutical composition in capsule form as 
5 claimed in Claim 1 for oral administration of ciramadol, which comprises a 
pharmaceutical^ effective amount of ciramadol admixed with a hydroxypropyl- 
methylcellulose wherein said hydroxypropylmethylcellulose has a methoxyl content 
of about 16-24 percent, a hydroxypropoxyl content of about 4-32 percent and an 
average number molecular weight above 50,000 and said hydroxypropylmethyl- 
10 cellulose represents between about 10 to about 60 weight percent of the contents 
of said capsule. 

8. A pharmaceutical composition in capsule form as claimed in Claim 7 in 
which said hydroxypropylmethylcellulose represents between about 15 to about 50 
percent of the contents of said capsule, 

15 9. A sustained-release pharmaceutical composition in capsule form as 

claimed in Claim 1 for oral administration of guanabenz, which comprises a 
pharmaceutical^ effective amount of guanabenz admixed with a hydroxypropyl- 
methylcellulose wherein said hydroxypropylmethylcellulose has a methoxyl content 
of about 16-24 percent, a hydroxypropoxyl content of about 4-32 percent and an 

20 average number molecular weight above 50,000 and said hydroxypropylmethyl- 
cellulose represents between about 10 to about 60 weight percent of the contents 
of said capsule. 
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PROCEDE INDUSTRJEL DE PRODUCTION DE PROTEINES HETEROLOGUES 
CHEZ £. COL/ ET SOUCHES UTILES POUR LE PROCEDE 



La presente invention concerne un nouveau procede industriel de production de 
proteines heterologues chez E. coli. Si pour certaines proteines heterologues a tres haute 
valeur ajoutee le prix de revient de leur procede de preparation reste un facteur 
negligeable par rapport a la finalite de la proteine heterologue (dans le domaine 
pharmaceutique notamment), le developpement de la production industrielle de 
proteines heterologues de moindre valeur ajoutee dans E. coli passe par la prise en 
compte de facteurs de production tels que la necessite d' avoir une biomasse elevee et 
une tres forte teneur en proteines heterologues produites pour un cout le plus bas 
possible, lequel cout doit tenir compte de la nature du milieux, du rendement 
energetique et en reactifs, et des conditions operatoires. Pour des productions 
industrielles avec des volumes reactionnels pouvant atteindre plusieurs dizaines de m\ 
on cherchera les milieux et les conditions operatoires les plus simples possibles. La 
presente invention consiste en la selection d'une souche de E. coli appropriee pour 
repondre aux conditions ci-dessus, essentielles a la production industrielle 
economiquement satisfaisante de proteines heterologues, independamment de la valeur 
de la proteine produite. 

1 Les souches d'£. coli les plus couramment utilisees pour les travaux de bioiogie 
moleculaire derivent de la souche K12 (Swartz, 1996, In Escherichia coli and 
Salmonella, Cellular and Molecular Biology, 2 nd edition, ASM Press Washington, 
ppl693-1711). Des derives d 9 E. coli B, tels que BL21, sont egalement utilises pour la 
production de proteines a cause de leur proprietes physiologiques. Un tableau des 
souches les plus couramment utilisees pour la production de proteines recombinantes est 
donne par Wingfield, 1997 (Current Protocols in Protein Science, Coligan et al. Ed, 
John Wiley & Sons, Inc, 5.0.1-5.0.3). 

De nombreux systemes depression de proteines chez des hdtes bacteriens ont 
ete decrits (Makrides, 1996, Microbiol. Rev. 60:512-538; Current Opinions in 
Biotechnology, 1996 ? 7). Un systeme d'expression est constitue d'un promoteur, de son 
regulateur, d'un site de fixation du ribosome suivi d'un site de restriction permettant 
Tinsertion du gene d'interet, d'une structure pouvant servir de terminateur de 
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transcritption, eventuellement de genes dont la coexpression augmentent la qualite de la 
proteine d'interet surexprimee et d'un ou plusieurs vecteurs permettant d'introduire dans 
l'hote ces combinaisons. 

Le promoteur doit presenter au moins trois caracteristiques pour etre utilise dans 
5 un precede de production de proteines (Makrides, 1996, precite) : 

- il doit etre fort et conduire a 1' accumulation de la proteine d'interet qui peut 
representer 10 a 50 % des proteines totales de la cellule hote; 

- il doit pouvoir etre regule de fa?on pouvoir autant que possible decoupler la phase de 
production de biomasse de la phase de production de la proteine; 

10 - il doit etre inductible (passage d'un niveau de faible activite transcriptionnelle a un 
niveau maximal d' activite transcriptionnelle) avec des conditions de procede simples et 
bon marche. 

De nombreux promoteurs ont ete decrits pour l'expression chez E. coli (Makrides, 1996, 
precite; Weickert et al. 9 1996, Current Opinions in Biotechnology 7 : 494-499). Parmi 

15 les promoteurs homologues utilises pour la production de proteines chez E. coli, on peut 
citer les promoteurs lac, trp, lpp,phoA, recA, araBAD,proU, cst-1, tetA, cadA, nar, tac, 
trc, Ipp-lac, Psyn, cspA. Parmi les promoteurs heterologues utilises pour la production 
de proteines chez E. coli, on peut citer les promoteurs PL, PL-9G-50, PR-PL, T7, XPL- 
PT7, T3-lac, T54ac, T4 gene 32, nprM-lac, VHb, Proteine A. Un certain nombre 

20 d'inconvenients sont lies a ces promoteurs. On peut citer pour certains d'entre-eux 
l'utilisation de 1'IPTG comme molecule inductrice, dont le prix peut representer plus de 
14 % du cout du milieu. D'autres utilisent une regulation par la temperature, difficile a 
mettre en ceuvre a Techelle d'un fermenteur industriel de 100 m 3 . 

Les vecteurs les plus couramment utilises pour l'expression de proteines chez E. 

25 coli derivent du plasmide pBR322 (Swartz, 1996, precite; Makrides, 1996, precite). lis 
sont presents dans les cellules a un certain nombre de copies, determine par 
Tinteraction de deux ARN codes par le plasmide, RNAI et RNAII (Polisky, 1988, Cell 
55 : 929-932). L' interaction de l'ARNI avec l'ARNII inhibe la maturation de l'ARNII 
en une forme necessaire a l'initiation de la replication du plasmide. Cette interaction est 

30 modulee par la proteine ROP dont le gene est present sur pBR322 mais pas sur certains 
derives tels que les plasmides de type pUC (Lin-Chao et Cohen, 1991, Cell 65 : 1233- 
1242). En matiere de regulation du nombre de copies du plasmide d'expression chez E. 
coli, plusieures strategies sont citees (Swartz, 1996, precite; Makrides, 1996, precite). 
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On retiendra notamment qu'un fort nombre de copies de plasmide d'expression conduit 
a un niveau eleve d'ARN messagers de la proteine desiree, mais peut etre penalisant 
pour le metabolisme de la souche note (Bailey, 1993, Adv. Biochem. Eng. Biotechnol. 
48 : 29-52). 

La stabilite des plasmides d'expression est un critere important d'autant plus que 
les fermentations industrielles tendent a ne pas utiliser d'antibiotiques dans les 
fermenteurs. Plusieurs strategies ont ete developpees pour stabiliser les plasmides 
d'expression dont le clonage du locus cer du plasmide naturel ColEl. Ce locus a ete 
caracterise (Leung et al, 1985, DNA 4 : 351-355) et son insertion sur des plasmides 
multi-copies a ete decrite comme ayant un effet benefique sur la stabilite de ces 
plasmides (Summers et Sherratt, 1984, Cell 36 : 1097-1 103). 

Si les souches et les systemes d'expression ci-dessus permettent d'obtenir de 
bons rendements de production de proteines heterologues, leur emploi reste limite a la 
production de proteines heterologues a tres haute valeur ajoutee pour lesquelles le prix 
de revient du systeme de production (souche bacterienne, milieu et conditions de 
culture, matieres premieres) est minime compare a la valeur de la proteine produite. 
Comme exemples de telles proteines a tres haute valeur ajoutee, on trouve plus 
particulierement les proteines heterologues destinees a un usage pharmaceutique comme 
par exemple l'hormone humaine de croissance, 1' interferon humain consensus alpha, les 
interleukines humaines 1(3, al, 2, I'interferon leucocytaire humain, l'hormone 
parathyroidique humaine, l'insuline humaine, l'albumine serique humaine, la 
Proapolipoproteine humaine A-l (Lee, 1996, Trends in Biotechnol. 14:98-105 ; Latta et 
al., 1987, Bio/Technology 5 :1309-1313). 

Toutefois, pour la production d' intermediate chimique de masse (Lee, 1997, 
Nature Biotech. 15:17-18) ou pour la production d'enzymes a usage industriel, 
notamment des catalyseurs necessaires a la production de composes chimiques, le prix 
de revient du systeme de production devient un facteur dominant a prendre en 
consideration pour evaluer l'interet technique du dit systeme. 

Pour la production de proteines heterologues dans des bacteries, la productivity 
du systeme de culture employe peut etre significativement augmented en utilisant des 
strategies de culture a haute densite cellulaire (S. Makrides, 1996, precite; Wingfield, 
1997, precite). Parmi celles-ci se trouve la strategic de fed-batch (Jung et al., 1988, Ann. 
Inst. Pasteur /Micrbiol. 139 : 129-146 ; Kleman et al, 1996, Appl. Environ. Microbiol. 
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62 : 3502-3507 ; Lee, 1996, precite ; Bauer et White. 1976, Biotechnol. Bioeng. 18 : 
839-846 ). Cette strategic, combinee a Tutilisation d ? un promoteur Ptrp, a permi 
d'atteindre des productivity importantes : 55 g de poids sec par litre et 2,2 g de proteine 
heterologue par litre (Jung et al, 1988, precite). II est fait etat de productions en routine 
5 de 35 a 50 g de poids sec par litre (Wingfield, 1997, precite). 

Cependant, les souches et systemes ci-dessus ne permettent pas d'obtenir des 
densites de culture suffisantes pour la production industrielle de proteines heterologues 
dont la valeur (prix de revient) doit etre negligeable au regard de leur finalite 
(notamment pour la preparation de catalyseurs biologiques). 
10 L a presente invention reside dans la selection d'une souche de E. coli 

particuliere, appropriee pour la production industrielle de proteines heterologues. La 
souche utile pour le procede selon I s invention est une souche E. coli W, plus 
particulierement la souche W referencee a T ATCC sous le numero 9637. 

Cette souche W (ATCC 9637), est bien connue et decrite dans de nombreuses 
15 publications (Davies & Mingioli, 1950, J. Bact., 60: 17-28; Doy et Brown, 1965, 
Biochim. Biophys. Acta, 104: 377-389 ; Brown et Doy, 1966, Biochim. Biophys. Acta, 
118: 157-172 ; Wilson & Holden, 1969, J. Biol. Chem., 244: 2737-2742 ; Wilson & 
Holden, 1969, J. Biol. Chem., 244: 2743-2749 ; White, 1976, J. Gen. Microbiol., 96: 
51-62 ; Shaw & Buncombe, 1963, Ananlyst 88: 694-701 ; Br. Pharmacopoeia, 1993, 2: 
20 A164-A169 ; Huang et al, US 3,088,880; Hamsher et a/., US 3,905,868; Takahashi et 
ai 9 US 3,945,888; Huang et al, US 3,239,427; Burkholder, 1951, Science, 114: 459- 
460 ; Prieto et al 9 1996, J. Bact., 178: 11-120 ; Lee 1996, precite; Lee & Chang, 1995, 
Can. J. Microbiol. 41: 207-215; Lee et al., 1994, Biotechnol. Bioeng., 44: 1337-1347 ; 
Lee & Chang, 1993, Biotechnology Letters, 15: 971-974; Bauer et White, 1976, precite; 
25 Bauer et Shiloach, 1974, Biotechnol. Bioeng 16: 933-941 ; Gleiser et Bauer, 1981, 
Biotechnol. Bioeng., 23: 1015-1021 ; Lee et Chang, 1995, Advances in Biochem. 
EngineVBiotech. 52 : 27-58). La souche W (ATCC9637) a ainsi ete utilisee pour la 
production d'acide 3-polyhydroxybutyrique (PHA) apres introduction d'un plasmide 
portant l'operon d'Alcaligenes eutrophus codant pour des enzymes impliquees dans la 
30 biosynthese du PHA (Lee et Chang, 1993, precite; Lee et Chang, 1995, precite ; Lee et 
al., 1994). 

La souche W a aussi ete utilisee en cultures a haute densite cellulaire (Bauer et 
White, 1976, precite; Bauer et Shiloach, 1974, precite ; Gleiser et Bauer, 1981, precite ; 
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Lee et Chang, 1993, precite ; Lee ei al., 1997, Biotechnology Techniques 11 : 59-62 ). 
Des biomasses de 125 g de poids sec par litre ont ainsi pu etre obtenues (Lee et Chang, 
1993, precite) en utilisant du saccharose comme source carbonee, 

Toutefois, cette souche n'a jamais ete decrite pour la production de proteines 
recombinantes. En outre, en combinant un plasmide portant Foperon d'Alcaligenes 
eutrophus codant pour des enzymes impliquees dans la biosynthese du PHA et une 
strategic de culture a haute densite cellulaire de la souche W recombinante 
correspondante, Lee et Chang (1993, precite) ont obtenu de moins bonnes productivity 
de PHA qu'avec une souche XLl-Blue derivee de la souche K12 (Lee et Chang, 1995, 
precite ; Lee, 1996, precite). 

La presente invention concerne done un procede industriel de preparation de 
proteines heterologues dans E coli, dans lequel on ensemence et on cultive dans un 
milieu de culture approprie des bacteries E coli modifiees avec un systeme d'expression 
de proteines heterologues approprie, caracterise en ce que la souche de E. coli est une 
souche E. coli W. Plus preferentiellement la souche W est la souche W deposee a 
1 e ATCC sous le numero 9637. 

Selon un mode particulier de realisation de F invention, la souche W est un 
derive de la souche deposee a 1 'ATCC sous le numero 9637 obtenu par selection 
clonale ou manipulation genetique. 

Par procede industriel, on entend selon Finvention tout procede dont le volume 
de culture des bacteries est superieur au volume de culture usuel employe dans les 
laboratoires de recherche. De maniere generate, on entend par procede industriel tout 
procede pour lequel le volume de culture est superieur a 2 litres, de preference superieur 
ou egal a 10 litres, plus preferentiellement superieur ou egal a 20 litres, encore plus 
preferentiellement superieur ou egal a 50 litres. Le procede selon Finvention est 
particulierement approprie pour des volumes de culture de plusieurs dizaine de m 3 , 

jusqu'a plus de 100 m 3 . 

Le milieu de culture approprie est un milieu de culture approprie pour 
Fobtention d'une forte densite de biomasse et une forte teneur en proteines heterologues 
produites. Plusieurs types de milieux (definis, complexes et semi-definis) peuvent etre 
utilises pour la culture a haute densite cellulaire (Lee, 1996, precite). Si les milieux 
connus de Fetat de la technique et en particulier les milieux semi-definis permettent de 
cumuler une bonne reproductibilite de la composition du milieu et une bonne 
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productivity de la culture (Lee, 1996, precite) le developpement d'un tel milieu requiert 
toutefois une optimisation empirique pour la prise en compte des contraintes 
economiques enoncees auparavant (Lee, 1996, precite). 

Selon un mode preferentiel de realisation de V invention, le milieu de culture 

5 comprend du saccharose comme principale source de carbone. Par principale source de 
carbone, on entend selon l'invention que le saccharose represente au moins 50 % en 
poids du poids total des sources de carbone du milieu de culture, plus preferentiellement 
au moins 75 % en poids, encore plus preferentiellement au moins 85 % en poids. Selon 
un mode plus preferentiel de realisation de V invention, le milieu de culture ne comprend 

10 substantiellement que du saccharose comme source de carbone. II est entendu que pour 
le procede selon l'invention, le milieu de culture peut comprendre des additifs 
appropries de maniere a augmenter le rendement global de V invention. Ces additifs 
peuvent avoir comme fonction annexe de se comporter comme source de carbone a la 
culture des bacteries. Toutefois, ces additifs ne seront pas consideres comme source de 

15 carbone au sens de la presente invention si les bacteries E coli W employees dans le 
procede selon Finvention ne peuvent croitre sur lesdits additifs comme seule source de 
carbone. 

De maniere avantageuse, la quantite de saccharose dans le milieu de culture du 
procede selon l'invention est comprise entre 0,1 et 300 g/1 en debut de culture (avant 

20 I'ensemencement), de preference entre 0,5 et 200 g/1. II est entendu que le saccharose 
constituant la principale source de carbone du milieu selon 1' invention, la quantite de 
saccharose ira diminuant au cours du procede. En general, en fin de reaction la quantite 
de saccharose dans le milieu de culture en fin de reaction est comprise entre 0 et 10 g/1. 

Selon un mode avantageux de realisation de l'invention, le milieu de culture 

25 approprie comprend en outre une source d'azote organique complementaire. Cette 
source d'azote organique complementaire peut etre constitute par toutes les sources 
d'azote organique connues de l'homme du metier. De preference, la source d'azote 
organique complementaire est constitute par des extraits proteiques. Ces extraits 
proteiques ont plus preferentiellement la composition suivante : (en g acides amines 

30 pour lOOg de produit) Alanine entre 10 et 4, Aspartique entre 11 et 4, Glycine entre 22 
et 2,5 et Lysine entre 7 et 4. Les peptones ou proteines de viande ou de pomme de terre 
repondent a un tel profil est sont particulierement preferees pour le procede selon 
l'invention, plus particulierement les derives de proteines de pomme de terre. 
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Par systeme d' expression de proteines heterologues approprie, on entend selon 
P invention tout systeme d' expression comprenant des elements de regulation appropries 
pour T expression de proteines heterologues dans E. coli W. Ces elements de regulation 
comprennent notamment les promoteurs, les sites de fixation aux ribosomes, les 
5 terminateurs de transcription. 

De maniere avantageuse, le systeme d'expression comprend un promoteur Ptrp- 
Le promoteur P( r p a ete utilise dans plusieurs exemples (Demande EP 0 198 745 ; 
Demande CIP N° 08/194,588; Demande WO 97/04083; Latta et al. y 1987, 
Bio/Technology 5 : 1309-1314 ; Denefle et a/., 1987, Gene 56 : 61-70). En particulier, 

10 Latta et al. (1990, DNA Cell. Biol. 9 : 129-137) ont conduit une etude detaillee sur 
F influence de sequences regulatrices en amont du promoteur, de sequences promotrices 
dupliquees en tandem et sur F influence de la coexpression du represseur TrpR. Leur 
construction de reference, pXL534, a servi de base a la construction de pXL642 
(Demande CIP N° 08/194,588 ) utilisee dans les exemples qui illustrent la presente 

15 invention. De maniere preferentielle, le promoteur P tr p comprend la sequence d'acides 
nucleiques representee par Fidentificateur de sequence n° 1 (SEQ ID NO 1). 

Selon un mode de realisation de F invention, pour ameliorer le niveau 
d'expression de la proteine heterologue, on effectue une coexpression des chaperons 
moleculaires d ; £. coli GroESL (revue par Makrides, 1996, precite). L' augmentation de 

20 la concentration intracellulaire des proteines GroESL permet en effet d'assister le 
repliement de la proteine recombinante et ameliore ainsi le taux de proteine active 
(Weicker et al., 1996, Curr. Opin. Biotechnol. 7: 494-499). Les genes dont la 
coexpression favorise Fexpression de la proteine heterologue selon Finvention, et sa 
qualite , sont compris dans le systeme d'expression selon Finvention. 

25 Par proteine heterologue, on entend selon Finvention toute proteine produite par 

le procede selon Finvention qui ne se trouve pas naturellement dans E, coli W, dans le 
systeme d'expression approprie selon Finvention. II peut s'agir d'une proteine 
d'origine non bacterienne, par exemple d'origine animale, notamment humaine ou 
vegetale, ou encore d'une proteine d'origine bacterienne non produite naturellement par 

30 E. coli W, ou encore d'une proteine d'origine bacterienne produite naturellement par 
une autre bacterie que E. coli W ou bien encore d'une proteine produite naturellement 
par E. coli W, dont Fexpression est controlee par des elements de regulation distincts de 
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ceux du systeme d'expression selon Tinvention, ou enfin d : une proteine derivant des 
precedentes apres modifications de certains elements de sa structure primaire. 

Bien entendu, le procede selon Tinvention s'applique a toute proteine d'interet 
dont la production necessite une forte accumulation de proteines, avant soit de les 
extraire et de les purifier, totalement ou en partie, soit de les employer en melange avec 
la biomasse qui aura permis de les produire. C'est le cas par exemple d'enzymes utiles 
pour la biocatalyse de reactions chimiques, qui peuvent etre employes sans operation 
prealable d'isolement et de purification ou aussi d'enzymes qui sont utilisees dans la 
bacterie hote en cours de croissance pour la biotransformation de composes chimiques. 

De maniere avantageuse, la proteine heterologue est une enzyme, produite en 
quantites industrielles pour un usage ulterieur comme catalyseur de reactions chimiques. 
Selon un mode particulier de realisation de 1' invention, V enzyme est une nitrilase, 
avantageusement une nitrilase d'Alcaligenes faecalis (ATCC8750) decrite dans la 
demande de brevet WO 98/18941 ou une nitrilase de Comamonas tesiosteroni sp. 
decrite dans la demande CIP n°08/l 94,588 , ou une amidase telle que celles decrites 
dans les demandes WO 97/04083, EP 433 117, EP 488 916, ou encore une 
hydroxyphenylpyruvate dioxygenase decrite dans la demande WO 96/38567. 

La presente invention concerne egaiement une souche E. coli W telle que definie 
ci-dessus, caracterisee en ce qu'elle comprend un systeme d'expression de proteines 
heterologues dont le promoteur est le promoteur P tr p defini ci-dessus. 

Les exemples ci-dessous permettent d'illustrer la presente invention, sans 
toutefois chercher a en limiter la portee. 

Les figures 1 a 3 en annexe represented des cartes de plasmides employes dans 
les differents exemples. 

La figure 1 represente la carte du plasmide pRPA-BCAT41. Les sites entre 
parenthese sont des sites qui ont ete elimines lors des clonages. Ptrp : promoteur 
tryptophane ; nitB : gene de la nitrilase ; TrrnB : terminateurs de transcription ; fin ROP 
: fin du gene codant pour la proteine ROP (Chambers et al. ? 1988, Gene 68 : 139-149) ; 
ORI : origine de replication ; RNAI/II : ARN impliques dans la replication ( Chambers 
et al., precite); Tc : gene de resistance a la tetracycline. 

La figure 2 reoresente 1 carte du plasmide pRPA-BCAT127. Les sites entre 
parenthese ont ete elimines lors des clonages. Ptrp : promoteur tryptophane ; nitB : gene 
de la nitrilase ; TrrnB : terminateurs de transcription; ORI : origine de replication ; 
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RNAIVII : ARN mutes impliques dans la replication; Cm : gene de resistance au 
chloramphenicol ; cer : locus cer . 

La figure 3 represente la carte du plasmide pRPA-BCAT103. Les sites entre 
parenthese ont ete elimines lors des clonages. Sm/Sp : gene de resistance a la 
streptomycine et spectinomycine, parABCDE : locus par (Roberts et Helinski, 1992, J. 
Bacteriol. 174 : 8119-8132) ; rep, mob, D20 et ori : regions intervenant dans la 
replication et le transfer! du plasmide (Scholtz et al., 1989, Gene 75 : 271-288 ; Frey et 
al., 1992, Gene 113 : 101-106). 

La figure 4 represente la carte du plasmide pRPA-BCAT126. Ptrp : promoteur 
tryptophane ; nitB : gene de la nitrilase ; TrrnB : terminateurs de transcription; ORI : 
origine de replication ; RNAI*/II : ARN mutes impliques dans la replication; Tc r : gene 
de resistance a la tetracycline; cer : locus cer . 

La figure 5 represente la carte du plasmide pRPA-BCAT143. Sm/Sp : gene de 
resistance a la streptomycine et spectinomycine; rep, mob, et ori : regions intervenant 
dans la replication et le transfert du plasmide (Scholtz et aL 9 1989, Gene 75 : 271-288 ; 
Frey et al. 9 1992, Gene 113 : 101-106) ; delta se rapporte au nom de la deletion decrite 
dans le texte. 

Les techniques mises en oeuvre sont des techniques classiques de biologie 
moleculaire et de microbiologic, connues de l'homme de Tart et decrites par exemple 
par Ausubel et al. 9 1987 (Current Protocols in Molecular Biology, John Willey and 
Sons, New York), Maniatis et aL, 1982, (Molecular Cloning : a laboratory manual. 
Cold Spring Harbor Laboratory, Cold Sring Harbor, New York), Coligan et al. 9 1997 
(Current Protocols in Protein Science, John Wiley & Sons, Inc). 

Exemple 1 : Construction des plasmides d'cxpression pBCAT29 et 
pBCAT41. 

Le fragment de 1.27 kb contant le promoteur P tr p, le site de fixation du 
ribosome du gene ell du phage X (RBScII) et le gene de la nitrilase tfAlcaligenes 
faecalis ATCC8750 (nitB) a ete extrait du plasmide pRPA6BCAT6 (Demande FR 
96/13077) a Taide des enzymes de restriction EcoRI et Xbal pour etre clone dans le 
vecteur pXL642 (decrit dans la demande CIP N p 08/1 94,588) ouvert par les memes 
enzymes de restriction. Le plasmide resultant, pRPA-BCAT15 a ete ouvert par les 
enzymes StuI et BsmI et le fragment de 4,3 kb a ete ligature avec le fragment StuI-BsmI 
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de 136 bp purifie de pRPA-BCAT4 (Demande FR 96/13077) pour conduire au plasmide 
pRPA-BCAT19. Le sequen^age partiel de pRPA-BCAT19 a confirme le remplacement 
du codon du residu Asp279 de la nitrilase par le codon d'un residu Asn279. Le 
fragment de 1,2 kb EcoRI-Xbal de pRPA-BCAT19 contenant la fusion 
5 P trp : :RBScII : :ni(B a ete ensuite clone dans le vecteur pRPA-BCAT28 ouvert par les 
memes enzymes pour conduire au plasmide pRPA-BCAT29 de 6 ? 2 kb. Le vecteur 
pRPA-BCAT28 a ete obtenu en ligaturant le fragment de 3,9 kb Sspl-Scal de pXL642 
(demande CIP N°08/l 94.588) avec le fragment de 2,1 kb Smal de pHP45QTc (Fellay et 
aL, 1987, Gene 52: 147-154) afin de remplacer le marqueur de resistance a 

10 Tampicilline par le marqueur de resistance a la tetracycline. En detruisant le site Ndel 
proche de Forigine de replication du plasmide pRPA-BCAT29 par digestion partielle 
Ndel et action de la Polymerase I d'£. coli (Fragment de Klenow), le plasmide pRPA- 
BCAT41 a ete obtenu dont une carte est representee sur la figure 1. La sequence de la 
cassette d'expression est representee par Fidentificateur de sequence n° 2 (SEQ ID NO 

15 2). 

Exemple 2 : Expression de la nitrilase d' A. faecalis ATCC 8750 chez E. coli 
K12, BL21, W en « batch ». 

Les plasmides pRPA-BCAT29 et pXL2035 (Levy-Schill et al. 9 1995, Gene 161 : 
20 15-20) ont ete introduits dans les souches d*E. coli DH5a (CLONECH, Reference 
produit C1021-1), BL21 (Novagen, reference produit 69386-1) et W (ATCC9637) par 
electroporation classique. Des cultures d'expression ont ete realisees comme decrit dans 
V exemple 5 de la demande FR 96/13077 en reduisant le temps de preculture a 8 heures 
et en fixant le temps d'expression a 16 heures. Les biomasses apres expression ont ete 
25 estimees d' apres la densite optique des cultures lue a 660 nm (DO660) en utilisant la 
relation suivante : biomasse en gramme de poids sec par litre de culture = DO660 x 
0,35. Les mesures d'activite nitrilasique des cultures ont ete realisees comme decrit 
dans la demande FR 96/13077. Pour chaque souche, deux clones ont ete analyses et 
pour chaque clone, V experience a ete repetee. Le tableau 1 contient pour chaque souche 
30 la moyenne des donnees obtenues dans les quatre experiences. 

Tableau J : Biomasse et activites des souches hebergeant les plasmides pRPA-BCAT29 
et pXL2035 
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SOUCHES 


BIOMASSE (g/1) 


ACTIVITE (U) 


PRODUCTIVITE (P) 


DH5a 


0,15 


10,4 


1,6 


BL21 


0,37 


6,3 


2,4 


W 


0,65 


7,0 


4,5 



ABREVIATIONS : g/1 : gramme de poids sec par litre de culture ; U : kg d'HMTBA 
forme par heure et par kg de poids sec ; P : kg d'HMTBA forme par heure et par litre de 



culture 

Ces donnees montrent que la souche d'£. coli W (ATCC9637) est plus 
performante pour exprimer la nitrilase NitB. 



Exeraple 3 : Construction de pBCAT43. 

Le gene de la polyamide hydrolase de Comamonas acidovorans N12 decrit dans 
10 la demande WO 97/04083 (pamll) a ete clone dans le vecteur pBCAT41. En 
introduisant dans les amorces de PCR les sites de resriction EcoRI et Ncol en position 
5' du gene et Xbal en position 3', le gene de cette polyamide hydrolase a ete amplifie 
par PCR sous la forme d'un fragment d'ADN de 1,26 kb. Ce fragment a ensuite ete 
traite successivement par l'enzyme EcoRI et la nuclease Mung Bean. Apres extraction 
15 des proteines au phenol-chloroforme-alcool isoamilique, le traitement s'est poursuivi 
avec une digestion Xbal. De facon similaire, le vecteur pRPA-BCAT41 a ete ouvert 
avec l'enzyme Ndel puis traite a la nuclease Mung Bean. Apres extraction des proteines 
au phenol-chloroforme-alcool isoamilique, le traitement s'est poursuivi avec une 
digestion Xbal. Apres ligature des ces deux echantillons, le plasmide pRPA-BCAT43 a 
20 ete obtenu : il contient le promoteur P trp , le site de fixation RBScII, separe du codon 
d' initiation de la traduction du gene pamll par la sequence : AATACTTACACC. 

Exemple 4 : Expression de la polyamidase Pamll chez E. coli DH5a, BL21 
et W en « batch ». 

25 Le plasmide pRPA-BCAT43 a ete introduit dans les souches d'£. coli DH5a, 

L21 et W par electroporation classique. Des cultures d'expression ont ete realisees 
comme decrit dans l'exemple 2 ci-dessus et en variant le temps d'expression de 14 a 24 
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heures. Les biomasses apres expression ont ete estimees comme dans Pexemple 2 ci- 
dessus. Les mesures d'activite polyamide hydrolase des cultures ont ete realisees 
comme decrit dans la demande WO 97/04083 avec les modifications suivantes : 

les cellules ont ete permeabilisees avec du toluene en resuspendant les culots 
5 cellulaire dans un tampon lOOmMtrs-HCl, 5 mM EDTA pH8, toluene 1% de fa?on a 
avoir une concentration en cellules seches d'environ 5 g/1 ; apres une vigoureuse 
agitation, la suspension est incubee une heure a 4°C puis centrifugee et enfin les culots 
de cellules permeabilisees sont repris dans un tampon phosphate 1 00 mM , pH7. 

Pactivite d'hydrolyse a ete mesuree sur Poligomere AB (une molecule d'acide 
10 adipique condensee a une molecule d'hexamethylene diamine) present a 2,5 g/1 dans le 
milieu reactionnel contenant du tampon- phosphate de potassium 0,1 M a pH7 et incube 
a 30°C sous agitation ; 

des prelevements de 100 microlitres sont faits a intervalles reguliers en leur 
ajoutant le meme volume de NaOH 0,2 N ; 
15 les echantillons sont analyses par HPLC apres dilution au dixieme dans une 

solution d , H 3 P0 4 a 50 mM. 

Pour chaque souche, de 1 a 24 clones ont ete analyses et pour chaque clone, une a sept 
experiences independantes ont ete conduites. Le tableau 2 contient pour chaque souche 
la moyenne des donnees obtenues. 

20 

Tableau 2 : Biomasse et activites des souches hebergeant le piasmide pRPA-BCAT43 



SOUCHES 


NB CULTURES 


ACTIVITE (U) 


PRODUCTIVITE (P) 


DH5a 


11 


0,77 


0,3 


BL21 


>•> 
J 


1,4 


1,8 


W 


24 


2,1 


2,6 



ABREVIATIONS : NB : nombre ; U : g d'AB hydrolyse par heure et par g de poids 
sec ; P : g d'AB hydrolyse par heure et par litre de culture 



Ces donnees montrent que la souche d'E. coli W (ATCC9637) est plus 
performante pour exprimer la polyamidase Pamll. 
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Exemple 5 : Construction et caracterisation du plasmide pBCAT41-531. 

Le plasmide pRPA-BCAT41 a subi une etape de mutagenese realisee avec de 
1' hydroxy lamine comme decrit dans Miller 1992 (Mutagenesis. A short course in 

5 bacterial genetics. « A laboratory manual and handbook for E. coli and related 
bacteria », Cold Spring Harbour Laboratory Press, Unit 4, pp81-212) et Humphreys et 
al, 1976 (Mol. Gen. Genet. 145 : 101-108). Cinq microgrammes d'ADN plasmidique 
purifie sur gradient de chlorure de Cesium ont ete incubes 20 minutes a 80°C dans un 
tampon phosphate de sodium 50 mM pH6 contenant 0,5 mM EDTA et 0,4 M NH 2 OH. 

10 Apres ajout d'un volume identique de tampon phosphate de sodium 50 mM pH6 
contenant 0,5 mM EDTA, le melange reactionnel a ete dialyse contre un large exces de 
tampon Tris-HCl 10 mM pH7,5 contenant 1 mM EDTA et 100 mM NaCl. L/ADN 
plasmidique a ensuite ete recupere par precipitation et environ 20 ng d'ADN a ete 
introduit par electroporation dans la souche DH5a hebergeant le plasmide pXL2035. 

15 Parmi les transformants obtenus, un clone a ete selectionne a cause d'une productivite 
de la culture 3 fois superieure a celle d'une culture de la souche DH5a (pRPA- 
BCAT41, pXL2035). Le plasmide pRPA-BCAT4 1-531 qu'il hebergeait a ete extrait et 
reintroduit dans un nouvel hote DH5a hebergeant le plasmide pXL2035. Trois clones 
ont alors ete analyses dans les conditions decrites dans F exemple 2 en les comparant a 3 

20 clones DH5a (pRPA-BCAT41, pXL2035) et les resultats sont presentes dans le tableau 
dans le tableau 3. 

Tableau 3 : Biomasse et activites des souches hebergeant les plasmides pRPA- 
BCAT41, pRPA-BCAT4 1-531 etpXL2035 

25 



Souches 


Biomasse 
(g/1) 


Activite 
(U) 


Productivite 
(P) 


DH5a (pRPA-BCAT41, pXL2035) 


0,21 


12 


2,5 


DH5a (pRPA-BCAT4 1-531, pXL2035). 


0,63 


12 


7,5 
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AB REV 1 ATI ON S : g/1 : gramme de poids sec par litre de culture ; U : kg d'HMTBA 
forme par heure et par kg de poids sec ; P : kg d'HMTBA forme par heure et par litre de 
culture. 

Ces resultats indiquent que l'amelioration de la productivity des cultures est 
correlee a la presence du plasmide pRPA-BCAT41-53 1 . 

Le fragment de 1,27 kb EcoRI-Xbal contenant la fusion P trp : :nitB a ete extrait 
du plasmide pRPA-BCAT41 pour etre clone a la place de celui contenu dans pRPA- 
BCAT4 1-531. Le plasmide resultant, pRPA-BCAT86 a ete introduit dans la souche 
DH5a (pXL2035) et 3 transformants ont ete etudies dans des conditions similaires a 
celles decrites ci-dessus. Les resultats sent regroupes dans le tableau 4. 



Tableau 4 : Biomasse et activites des souches hebergeant les plasmide s pRPA- 
BCAT41, pRPA-BCAT41-531, pRPA-BCAT86 etpXL2035 



15 



20 



Souches 


Biomasse 
<g/l) 


Activite 
(U) 


Productivite 
(P) 


DH5a (pRPA-BCAT41, pXL2035) 


0,20 


13,8 


2,7 


DH5a (pRPA-BCAT41-531, pXL2035) 


0,68 


11,0 


7,4 


DH5a (pRPA-BCAT86, pXL2035) 


0,69 


11,9 


8,1 



forme par heure et par kg de poids sec ; P : kg d'HMTBA forme par heure et par litre de 
culture 

Les resultats montrent que T amelioration de la productivite des cultures 
hebergeant pRPA-BCAT41-531 n 5 est pas due a une amelioration de Tactivite specifique 
de la souche et que cette amelioration n'est pas causee par une mutation dans le 
fragment portant le promoteur P tr p et le gene nitB. 



Exemple 6 : Caracterisation d'unc mutation portee par le plasmide 
pBCAT41-531 responsable de Pamelioration de la productivite des cultures de 
25 souches exprimant la nitrilase. 
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L'analyse de la quantite de proteine produite par les souches de P exemple 5 par 
electrophorese en gel de polyacrylamide en presence de SDS a montre que toutes ces 
constructions conduisaient a des taux de synthese de polypeptide nitrilasique 
comparables entre les souches decrites dans cet exemple. En revanche, des preparations 
5 d'ADN plasmidique de pRPA-BCAT41 et pRPA-BCAT4 1-531 realisees a partir de 
quantites de biomasse equivalentes ont mis en evidence que le plasmide pRPA- 
BCAT4 1-531 est present a plus faible nombre de copie que son parent pRPA-BCAT41: 
Le sequen?age de la region de 994 bp de pRPA-BCAT4 1-531 qui s'etend depuis le site 
Tthllll et qui couvre l'origine de replication du plasmide a mis en evidence deux 

10 differences par rapport a la sequence de la region correspondante de pBR322 
(GeneBank #J01749, nom : SYNPBR322). En se referant a la numerotation donnee 
dans la sequence JO 1749 (0 est le milieu de r unique site EcoRI), nous avons trouve 
qu'une insertion d'un A avait eu lieu apres la base 2319 et que le C de la position 3039 
est remplace par un T chez pRPA-BCAT4 1-53 1 . La premiere difference est imputable a 

15 une erreur lors de Taction de la polymerase Klenow qui a servi a detruire un des sites 
Ndel de pRPA-BCAT29 et se situe dans une region qui n'est pas decrite comme jouant 
un role dans la replication de pBR322 (Chambers et aL, 1988, Gene 68 : 139-149). La 
deuxieme erreur correspond a une transition, effet caracteristique de T hydroxy lamine 
sur TADN (Drake et Baltz, 1976, Annu. Rev. Biochem. 45 : 11-37), et se situe au 

20 niveau du deuxieme nucleotide de la region transcrite en ARN I impliquee dans la 
replication de pBR322 (Chambers et aL, precite). C'est cette derniere mutation qui est 
responsable du plus faible nombre de copies de pRPA-BCAT41-53 1 dans DH5a et qui 
est responsable de la meilleure productivity nitrilasique des cultures de la souche DH5ct 
(pRPA-BCAT41-531, pXL2035). 

25 

Exemple 7 : Expression de la nitrilase de A. faecalis ATCC 8750 chez E. coli 
BL21 et E. coli W en « fed-batch » (culture semi-continue). 

Les piasmides pRPA-BCAT4 1-531 et pXL2035 ont ete introduits par 
electroporation dans les souches BL21 (reference precitee) et W (ATCC9637) pour 
30 dormer respectivement les souches RPA-BIOCAT594 [BL21 (pRPA-BCAT4 1-531, 
pXL2035)] et RPA-BIOC AT7 1 4 [W (pRPA-BCAT4 1-531, pXL2035)]. Les 
recombinants E. coli BIOCAT 594 et E. coli BIOCAT 714 ont ete cultives dans des 
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fermenteurs de 3,5 litres contenant 2 litres de milieu dont la composition est la 
suivante : 



Compose 


Concentration en g/ 1 


KH 2 P0 4 


8 


K 2 HP0 4 


6,3 


(NH 4 ) 2 S0 4 


0,75 


MgS0 4 7H 2 0 


2,5 


Sulfate de fer 


0,04 


CaCl 2 .2H 2 0 


0,05 


Sulfate de manganese 


0,01 


Chlorure de Co 


0,004 


Sulfate de Zn 


0,002 


Molybdate de Na 


0,002 


Chlorure de cuivre 


0,002 


Acide borique 


0,0005 


Citrique.H20 


1,7 


Glucose monohydrate 


95 


L-tryptophane 


0,1 


Peptone de viande 


5 


Extrait de levure 


-> 



Le pH est maintenu a 7,0 par ajout d'ammoniaque. La saturation en oxygene est 
maintenue a 20% par ajout d'air a raison de 1 volume/ volume de milieu/ minute et par 
agitation. Le glucose est introduit au debut a une concentration finale de 2 g/ 1. Apres 
etre totalement consomme, il est introduit de rnaniere continu a partir d'une solution 
mere dont la composition est la suivante : glucose 700 g/ 1 ; MgS0 4 .7H 2 0 19,6 g/ L La 
vitesse d'addition est de 2,2 g de glucose/h. 1 de milieu. 

Apres 24 heures de fermentation, le milieu est recupere, centrifuge et le poids 
sec est estime en g/ L L'activite enzymatique est mesuree suivant un protocole donne 
dans le brevet WO96/09403. Elle est exprimee en kilos de 3-hydroybutanoate 
d'ammonium formees par heure et par kilo de cellules seches. 
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Souche 


Biomasse finale 


Activite finale 


Rendement sur glucose 


BIOCAT594 (BL21) 


27 g/l 


13 


23% 


BIOCAT714(W) 


40g/l 


17 


40% 



II apparait clairement dans cet exemple, que la nitrilase s'exprime beaucoup 
mieux dans E. coli W que dans £. coli BL21 et que le recombinant E. coli W BIOCAT 
714 pousse beaucoup mieux que le recombinant E. coli BL21 BIOCAT 594, 

5 
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Exemple 8 : Influence de la source cT azote organique d'origine animate. 

La souche E. coli W BIOCAT 714 est cultivee dans un fermenteur de 3,5 litres 
contenant 2 litres de milieu dont la composition est la suivante : 



Compose 


i_,onceniraiion aans le mnicu en g/ i 


K 2 HP(J 4 


o 

<$ 


/"X TT T \ C f~\ 

(NH 4 ) 2 S0 4 


U, / J 


\ /f ~C f~\ *7TT f~\ 

Mgb(J 4 /H 2 U 




Sultate de ter 


U,U4 


LaCl2.^H 2 U 


U,U4 


Sulfate de manganese 


U,uzo 


Chlorure de Co 


U,UU4 


ouiiaxe ae lxv 


U,U 1 J 


Molybdate de Na 


0,001 


Chlorure de cuivre 


0,001 


Acide borique 


0,00025 


A1C1 3 


0,00125 


Citrique.H 2 0 


1,7 


Glucose monohydrate 


95 


L-tryptophane 


0,1 


Extrait de levure 


3 



Le pH est maintenu a 7,0 par ajout d'ammoniaque. La saturation en oxygene est 
maintenue a 20% par ajout d'air a raison de 1 volume/ volume de milieu/ minute et par 
agitation. Le glucose est introduit au debut a une concentration finale de 2 g/ 1. Apres 
etre totalement consomme, il est introduit de maniere continu a partir d'une solution 
mere dont la composition est la suivante : glucose 700 g/ 1 ; MgS0 4 .7H 2 0 19,6 g/ 1. La 
vitesse d'addition est de 2,2 g de glucose/h. 1 de milieu. 

A ce milieu, on ajoute une source d'azote organique d'origine animale. 
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Source cT azote organique d'origine 
animale 


Biomasse 
linale 


Activitc 
finale 


Rendcment sur 

glucose 


Aucune 


30 


2 


40% 


2,5 g/ 1 de peptone de viande 


33 


12 


40% 


5 g/ 1 de peptone de viande 


40 


25 


45% 


5 g/ 1 de caseine 


35 


20 


43% 



L'utilisation de concentration croissante en azote organique d'origine animale 
augmente de maniere significative l'activite specifique des cellules. 



Exemple 9 : Influence de l'azote organique d'origine vegetale. 

Les conditions de culture sont identiques a celles de F exemple 8. Dans cet 
exemple, on ajoute de r azote organique d'origine vegetal. 



Source d'azote organique d'origine 
vegetale 


Biomasse 
finale 


Activite 
finale 


Rendement sur 
glucose 


Aucune 


30 


2 


40% 


5 g/ 1 de peptone de soja 


31 


4 


40% 


5 g/ 1 de peptone de ble 


32 


5 


40% 


7,5 g/ 1 d'hydroiysat sodique de 
proteine de pomme de terre (Alburex 
SP ; Roquette) 


35 


17 


43% 



L'ajout d'azote organique vegetal ne donne pas des resultats identiques suivant 
rorigine. 

De maniere surprenante, l'ajout de proteine de pomme de terre, donne d'aussi 
bon resultat que Tazote organique d'origine animale. 



Exemple 10 : influence de la source de carbone. 

La souche E. coli W BIOCAT 714 est cultivee dans un fermenteur de 3,5 litres 
contenant 2 litres de milieu dont la composition est la suivante : 
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Compose 


Concentration dans le milieu en g/ 1 


Trempe de Mai's 
LAB2218 (Roquette) 


40 


Extrait de levure 


3 


MgS0 4 7H 2 0 


2,5 



Le pH est maintenu a 7,0 par ajout d'ammoniaque. La saturation en oxygene est 
maintenue a 20% par ajout d'air a raison de 1 volume/ volume de milieu/ minute et par 
5 agitation. La source de carbone est introduite au debut a une concentration finale de 2 g/ 
1. Apres etre totalement consommee, elle est introduite de maniere continu a partir d'une 
solution mere dont la composition est la suivante : source de carbone 700 g/ 1 ; 
MgS0 4 .7H 2 0 19,6 g/ 1. La vitesse d'addition est de 2,2 g de glucose ou de saccharose/h. 
1 de milieu. 

10 La source de carbone est variee dans cet exemple. 



Source de carbone 


Biomasse 
finale 


Activite 
finale 


Rendement 
sur carbone 


Glucose monohydrate 90 g/ 1 


38 


11 


45% 


Sirop zero (EUROSUCRE) 90 g/ 1 


38 


17 


45% 



Dans cet exemple, on observe que Pemploi de saccharose (sirop zero) comme 
source de carbone augmente de maniere significative l'activite specifique des cellules. 

15 

Exemple 11 : Construction d'un plasmide de co-expression du regulateur 

TrpR 

Un fragment d'ADN de 434 bp porteur du gene trpR et de son promoteur a ete 
extrait du plasmide pRPG9 (Gunsalus et Yanofsky, 1980, Proc. Natl. Aca. Sci. USA 
20 77 : 7117-7121) a l'aide des enzymes de restriction Aatll et Stul. Ce fragment a ete 
clone dans le plasmide pSL301 (Brosius, 1989, DNA 8 : 159-111) en le ligaturant au 
fragment d'environ 3, 1 kb AatH-StuI pour donner le plasmide pRPA-BCAT30. Le gene 
trpR et son promoteur ont alors ete extraits de pRPA-BCAT30 sous la forme d'un 
fragment dEcoRI-Notl de 475 bp pour etre clone dans le plasmide pXL2035 a la place 
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cTun fragment de 240 bp EcoRI-Notl. Le plasmide resultant ? pRPA-BCAT34 ? est done 
un derive de pKT230 permettant 1 1 expression des chaperons GroESL et du regulateur 
. TrpR. 

Exemple 12 : Influence de la co-expression de GroESL ct de TrpR . 

Le plasmide pRPA-BCAT34 a ete introduit par electroporation dans les souche 
DH5a (pRPA-BCAT29), BL21 (pRPA-BCAT29) et W (pRPA-BCAT29). Des cultures 
d* expression de differentes souches ont ete menees comme decrit dans P exemple 2 et 
les resultats sont presentes dans le tableau 5. 

Tableau 5: Biomasse et activates des souches hebergeant des combinaisons les 
plasmides pRPA-BCAT29, pXL2035 et pRPA-BCAT34 



Combinaisons 


pRPA-BCAT29 


pRPA-BCAT29 
pXL2035 


pRPA-BCAT29 
pRPA-BCAT34 


HOTE 


U 


P 


U 


P 


U 


P 


DHSalpha 


0,37 


0,16 


10,4 


1,6 


2,0 


0,7 


BL21 


0 


0,0 


6,4 


2,4 


5,6 


2,0 


W 


1,7 


0,96 


7,0 


4,5 


8.9 


6,5 



ABREVIATIONS : U : Activite, kg d'HMTBA forme par heure et par kg de poids 
15 sec ; P : Productivity kg d'HMTBA forme par heure et par litre de culture 

Les resultats montrent que la coexpression de GroESL permet d'augmenter la 
productivity des cultures quelle que soit la souche consideree en ameliorant T activite 
specifique des cultures. Cet effet est correle avec une augmentation de la solubilite du 
20 polypeptide nitrilasique comme le montre une analyse des proteines par electrophorese 
telle que decrite dans la demande FR 96/13077. L' effet de la coexpression du 
regulateur TrpR est variable selon les souches mais permet chez W d'ameliorer la 
productivity des cultures. 
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Exemple 13 : Influence de la presence d'un locus cer sur pRPA-BCAT41 

Le fragment de 382 bp Hpall contenant le locus cer du plasmide ColEl (Leung 
et a/., 1985, DNA 4 : 351-355) a ete clone dans la forme replicative du phage M13mp7 
au niveau d'un des 2 sites Accl. La construction obtenue a alors permis d'extraire avec 
Fenzyme EcoRI un fragment d'environ 430 bp contenant le locus cer qui a ete clone 
dans pRPA-BCAT41 au site EcoRI, ce qui a conduit au plasmide pRPA-BCAT66. Ce 
plasmide a ete introduit par electroporation dans la souche W hebergeant le plasmide 
pRPA-BCAT34. Des cultures d'expression de differentes souches ont ete menees 
comme decrit dans F exemple 2 en allongeant la duree des cultures d'expression a 24 
heures et en etudiant trois clones de chaque souche dans une unique experience. Les 
resultats moyennes sont presentes dans le tableau 6. 

Tableau 6 : Biomasse et activites des souches hebergeant les plasmides pRPA- 
BCAT41, pRPA-BCAT66 et pRPA-BCAT34 



Souches 


Biomasse 
(g/0 


Activite 
(U) 


Productivite 
(P) 


W (pRPA-BCAT41, pRPA-BCAT 34) 


2,1 


6,9 


14,5 


DH5ct (pRPA-BCAT66, pRPA-BCAT34) 


1,8 


10,0 


18,0 



forme par heure et par kg de poids sec ; P : kg d'HMTBA forme par 



Ces resultats montrent que Fajout du locus cer sur le plasmide d'expression de la 
nitrilase conduit a ameliorer la productivite des cultures. 

Exemple 14 : Construction du plasmide pRPA-BCAT127 

Apres elimination du site unique Ndel du plasmide pRPA-BCAT30 par 
digestion et formation d'extremites franches avec de la polymerase I (Fragment de 
Klenow), le gene trpR a ete extrait de ce dernier plasmide sous la forme d'un fragment 
d'environ 300 bp prepare par un traitement avec Fenzyme Aatll suivi de Faction de la 
polymerase I (Fragment de Klenow), puis, apres inactivation du melange reactionnel, 
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par une digestion avec l'enzyme SacII. Ce fragment a ete clone dans le plasmide 
pRPA-BCAT66 apres ouverture de celui-ci avec Tthlll suivi d'un traitement a la 
polymerase I Fragment de Klenow) et, apres inactivation, avec SacII. Le plasmide 
pRPA-BCAT82 a ainsi ete obtenu. Son origine de replication a ete remplacee par celle 
du plasmide pRPA-BCAT41-531 en remplacant le fragment Bstl 1071-Eaml 1051 
d'environ 1,12 kb. La construction selectionnee lors de ce clonage, le plasmide pRPA- 
BCAT99, presente un artefact qui se manifeste sous la forme d'une deletion d'un. 
nucleotide au niveau du site Eamll05I, transformant ce site en un site unique PshAI. 
Le marqueur de resistance du plasmide pRPA-BCAT99 a alors ete change en clonant 
entre les sites Aatll et PshAI un fragment Aatll-PshAI d'environ 1,07 kb prepare apres 
amplification PCR du gene codant pour la resistance au chloramphenicol a partir de la 
matrice pACYC184 (New England Biolabs #401-M) en utilisant les amorces Cml et 
Cm2 dont la sequence est : 

Cml : S'-CCCCCCGACAGCTGTCTTGCTTTCGAATTTCTGCC 
Cm2 : 5 ' -TTG ACGTC AGTAGCTG AAC AGGAGGG 

Le plasmide ainsi obtenu a ete appele pRPA-BCAT123. II a ete ensuite modifie en 
eliminant le gene trpR sous la forme d'un fragment Sacl-Bstl 1071 d'environ 0,525 kb, 
et refermeture du plasmide apres formation d'extremites franches avec de la polymerase 
Pfu (15 minutes a 75°C dans le tampon recommande par le fournisseur Stratagene et en 
presence de 0,2 mM de deoxynucleotides). Le plasmide ainsi obtenu est le plasmide 
pRPA-BCAT127 dont la carte est schematisee sur la figure 2. 

Exemple 15 : Construction des plasmides pRPA-BCAT98 et pRPA- 
B CAT 103 . 

Le plasmide pRPA-BCAT37, decrit dans la demande FR 96/13077, a ete 
modifie en remplacant le fragment Sfil-Scal d'environ 3,2 kb par le fragment Sfil-Scal 
d'environ 2,42 kb du plasmide RSF1010D20 (Frey et al, 1992, Gene 113 :101-106). 
Ce fragment contient une deletion dans la partie 5' du gene codant pour la primase 
RepB et reduit de 6 log la frequence de transfert du plasmide (Frey et al, precite). Le 
plasmide ainsi obtenu, pRPA-BCAT98, possede plusieurs avantages : la perte de ses 
fonctions de mobilisation le rend conforme aux regies de biosecurite industrielle tout en 
lui gardant ses caracteristiques de replication chez les bacteries Gram-negatives. 
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Le locus par (Gerlitz et aL, 1990 ; J. Bacterid 172 : 6194-6203) a ensuite ete 
clone sur pRPA-BCAT98 comme suit. Le fragment Sphl-BamHI cP environ 2,3 kb de 
pGMA28 (Gerlitz et aL, precite) a d'abord ete clone dans le vecteur pUC18 ? ce qui a 
permis de Fextraire sous la forme d'un fragment Hindlll-EcoRI pour le doner dans le 

5 vecteur pMTL22 (Chambers et aL, 1988, Gene 68:139-49). Le site Hindlll a ensuite 
ete detruit par digestion Hindlll et traitement a la Klenow. Un fragment d'environ 2 ? 38 
kb a alors ete extrait avec les enzymes PstI et Bglll pour etre clone dans le vecteur 
pXL2426 aux sites PstI et BamHI et conduire au vecteur pXL2572. Le vecteur 
pXL2426 provient du remplacement du fragment de 2,38 kb Sfil-EcoRV de pXL2391 

10 (demande FR 96/13077) par le fragment Sfil-EcoRV de 1,47 kb de RSF1010D20. Le 
clonage sur le plasmide pXL2572 aux sites Ndel et BamHI d'un fragment d'environ 
0,960 bp Ndel-BamHI de pRR71 (Weinstein et aL 9 1992, J. Bacteriol. 174 : 7486-7489) 
a permis de reconstituer le locus par en entier sur le plasmide pXL2573. Ce locus a 
alors ete extrait de pXL2573 sous la forme d'un fragment de 2,6 kb EcoRI-extremite 

15 franche (apres traitement par PstI et Klenow) afin d'etre clone sur le plasmide pRPA- 
BCAT98 ouvert par EcoRI et Sad, cette derniere extremite ayant ete traitee par la 
polymerase Pfu. Le plasmide resultant a ete appele pRPA-BCAT103 et sa carte est 
schematisee sur la figure 3. 

20 Exemple 16 : Utilisation des plasraides pRPA-BCAT98, pRPA-BCAT103 et 

pRPA-BCAT127 pour Texpression de la nitrilase chez W. 

Les plasmides pRPA-BCAT127, pRPA-BCAT98, pRPA-BCAT103, pXL2035 
et pXL2231 (demande FR 96/13077) ont ete introduits dans la souche d'£. coli W par 
electroporation et des cultures d' expression ont ete menees dans les conditions decrites 
25 dans Fexemple 2 en utilisant les antibiotiques suivants : Tetracycline 12 |ag/ml pour 
pXL223L kanamycine 50 |^g/ml pour pXL2035 ? Streptomycine 100 |ig/ml pour pRPA- 
BCAT98 et pRPA-BCAT103 s Chloramphenicol 20 ^ig/ml pour pRPA-BCAT127. Pour 
chaque combinaison de plasmides, deux a trois clones ont ete analyses et les resultats 
moyens sont presentes dans le tableau 7. 
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Tableau 7 : Biomasse et activites des souches hebergeant les plasmides pRPA-BCAT41- 
531, pRPA-BCAT127, pRPA-BCAT98, pRPA-BCAT103, P XL2035 et 
pXL2231 



Combinaison 


Biomasse 


Activite 


Productivity 




(g/1) 


(U) 


(P) 


pBCAT127 / pXL2231 


1,43 


4,9 


7 


pBCAT127 / pBCAT 103 


1,75 


7 


12 


P BCAT127 / pBCAT98 


1,72 


11,2 


19 


pBCAT127 / pXL2035 


1,70 


7,2 


12 


pBCAT41-531 / pXL2035 


1,36 


5,9 


8 



ABREVIATIONS : g/1 : gramme de poids sec par litre de culture ; U : 
kg d'HMTBA forme par heure et par kg de poids sec : P : kg d'HMTBA 
forme par heure et par litre de culture 



Les combinaisons P RPA-BCAT127/pRPA-BCAT98 et P RPA-BCAT127/pRPA- 
BCAT103 permettent une productivity au moins equivalente en utilisant des plasmides 
conformes aux criteres de biosecurite europeens. 

Exemple 17 : Construction du plasmide pRPA-BCAT126 
Le marqueur de resistance du plasmide pRPA-BCAT99 decrit dans l'exemple 
14 a ete change comme suit. Le vecteur a ete ouvert par les enzymes PshAI et Aatll 
puis traite avec de la polymerase Pfu (5 min a 75°C dans le tampon recommande par le 
fournisseur Stratagene et en presence de 0,2 mM de deoxynucleotides) et le fragment 
d'environ 3,95 kb a ete extrait d'un gel d'agarose a 1'aide du kit Quiaex (Quiagen) 
[d'autres systemes de recuperation d'ADN peuvent aussi etre utilises, notamment ceux 
de type chromatographique]. II a ete mis en ligation selon une methode classique avec 
le fragment de 1,32 kb Hindlll-BsmI extrait du plasmide pBR322 (New England 
Biolabs, ref 303-3 S) puis traite comme ci-dessus avec la polymerase Pfu. Parmi les 
plasmides obtenus, le plasmide contenant l'insert porteur du gene de resistance a la 
tetracycline oriente dans le meme sens de transcription que la cassette d' expression de la 
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nitrilase a ete nomme pRPA-BCATl 1 1 . Ce plasmide a alors ete ouvert par les enzymes 
Nsil et BstZ17I puis traite a la polymerase Pfu et religue afin d'eliminer le fragment de 
0,47 kb porteur du gene trpR. Le plasmide obtenu a ete nomme pRPA-BCAT126 dont 
une carte est representee sur la figure 4. 

Exemple 18 : Construction du plasmide pRPA-BCAT143 

Le plasmide pRPA-BCAT98 decrit dans l'exemple 15 a ete ouvert par les 
enzymes Sfil et Seal pour remplacer le fragment de 2,42 kb porteur de la deletion dans 
la partie 5" du gene codant pour la primase RepB par le fragment de 2,96 kb Sfil-Scal 
extrait du plasmide RSF1010A18 portant.une deletion en phase de 267 bp dans la partie 
5' du gene repB ( Frey et al. 9 1992, Gene 113 : 101-106), La deletion introduite sur 
pRPA-BCAT143 reduit la frequence de transfert du plasmide a 10" 6 ( Frey et al. 9 1992, 
Gene 113 : 101-106) et le rend conforme aux exigences des regies de biosecurite. 
Contrairement au plasmide pRPA6BCAT98 decrit precedemment, ce nouveau plasmide 
conserve un nombre de copies voisin du plasmide non modifie pXL2035 (Levy-Schill et 
al., 1995, Gene 161 : 15-20). IL est represents sur la figure 2. 

Exemple 19 : Utilisation des plasmides pRPA-BCAT126 et pRPA-BCAT143 
pour P expression de la nitrilase chez W 

Les plasmides pRPA-BCAT126 ; pRPA-BCAT127 (decrits ci-dessus), pRPA- 
BCAT143, pRPA-BCAT98, pXL2035 ont ete introduits dans la souche d'£. coli W par 
electroporation et des cultures d' expression ont ete menees dans les conditions decrites 
dans r exemple 2 en utilisant les antibiotiques suivants : Tetracycline 12 ng/ml pour 
pRPA-BCAT4 1-531 et pRPA-BCAT126, kanamycine 50 ^g/ml pour pXL2035, 
Streptomycine 100 ng/rnl pour pRPA-BCAT98 et pRPA-BCAT143, Chloramphenicol 
20 ng/ml pour pRPA-BCAT127. Pour chaque combinaison de plasmides, deux a trois 
clones ont ete analyses et les resultats moyens sont presentes dans le tableau 8. 

Tableau 8 : Biomasse et activites des souches hebergeant les 
plasmides pRPA-BCAT4 1-531, pRPA-BCATl 26, pRPA-BCAT127, pRPA- 
BCAT98, pRPA-BCAT143, pXL2035. 
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Combinaison 


Biomasse 
(g/1) 


Activite 
(U) 


Productivity 
(P) 




2,3 


9,5 


22 


pDLAI41-JJl / pD^AlltJ 


2,5 


8,9 


22 


pBCAT126 / pXL2035 




Q Q 


Z i 


pBCAT126 / pBCAT98 


1,3 


3,5 


4,5 


pBCAT126 / pBCAT 143 


2,5 


8,1 


20 


pBCAT127 / pBCAT143 


2,8 


7,1 


20 



ABREVIATIONS : g/1 : gramme de poids sec par litre de culture ; U : 
kg d'HMTBA forme par heure et par kg de poids sec ; P : kg d'HMTBA 
forme par heure et par litre de culture 



Contrairement au plasmide pBCAT98, les combinaisons du plasmide pRPA- 
BCAT143 avec Tun des plasmides pRPA-BCAT4 1-531, pRPA-BCAT127 ou pRPA- 
BCAT126 permettent de conserver la productivity des cultures realisees avec les 
souches hebergeant le plasmide pXL2035. 
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REVENDICATIONS 

1. Procede industriel de preparation de proteines heterologues dans E coli, dans 
lequel on ensemence et on cultive dans un milieu de culture approprie des 
bacteries E coli modifiees avec un systeme d'expression de proteines 
heterologues approprie, caracterise en ce que la souche de E. coli est une 
souche E. coli W. 

2. Procede selon la revendication 1, caracterise en ce que la souche W est la 
souche W deposee a 1 4 ATCC sous le numero 9637. 

3. Procede selon la revendication 1, caracterise en ce que la souche W est un 
derive de la souche deposee a 1 C ATCC sous le numero 9637 obtenu par 
selection clonale ou manipulation genetique. 

4. Procede selon Tune des revendications 1 a 3, caracterise en ce que le milieu 
de culture approprie est un milieu de culture approprie pour l'obtention d'une 
forte densite de biomasse et une forte teneur en proteines heterologues 
produites. 

5. Procede selon Tune des revendications 1 a 4, caracterise en ce que le milieu 
de culture comprend du L-tryptophane. 

6. Procede selon la revendication 5 caracterise en ce que la quantite de L- 
tryptophane dans le milieu de culture est comprise entre 0,05 et 0,5 g/1, de 
preference entre 0,1 et 0,3 g/1 

7. Procede selon Tune des revendications 1 a 6, caracterise en ce que le 
milieu de culture comprend du saccharose comme principale source de carbone. 

8. Procede selon la revendication 7, caracterise en ce que le milieu de 
culture ne comprend substantiellement que du saccharose comme source de carbone. 

9. Procede selon Tune des revendications 7 ou 8, caracterise en ce que la 
quantite de saccharose dans le milieu de culture est comprise entre 0,1 et 300 g/1 en 
debut de culture, de preference entre 0,5 et 200 g/1. 

10. Procede selon Tune des revendications 1 a 9, caracterise en ce que le 
milieu de culture approprie comprend en outre une source d' azote organique 
complementaire. 

11. Procede selon la revendication 10, caracterise en ce que la source d' azote 
organique complementaire est constitute par des extraits proteiques. 
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.12. Procede selon Tune des revendications 9 ou 10, caracterise en ce que 
Fextrait proteique a la composition suivante : (en g acides amines pour lOOg de 
produit) Alanine entre 10 et 4, Aspartique entre 11 et 4, Glycine entre 22 et 2,5 et 
Lysine entre 7 et 4 

13. Procede selon Tune des revendications 10 a 12, caracterise en ce que la 
source d ! azote organique complementaire est constitute par les peptones ou proteines de 
viande ou de pomme de terre, plus particulierement les derives de proteines de pomme 
de terre. 

14. Procede selon Tune des revendications 1 a 13, caracterise en ce que le 
systeme d' expression de proteines heterologues approprie comprend un promoteur P trp . 

15. Procede selon la revendication 14, caracterise en ce que le promoteur 
P trp comprend la sequence d'acides nucleiques representee par T identificateur de 

sequence n° 1 (SEQ ID NO 1). 

16. Procede selon Tune des revendications 1 a 15, caracterise en ce que la 

proteine heterologue est une enzyme. 

17. Procede selon la revendication 16, caracterisee en ce que Fenzyme est 
utile pour la biocatalyse de reactions chimiques. 

18. Procede selon la revendication 17, caracterise en ce que 1' enzyme est une 

nitrilase. 

19. Souche E. coli W 5 caracterisee en ce quelle comprend un systeme 
d'expression de proteines heterologues dont le promoteur est le promoteur 

20. Souche selon la revendication 19, caracterisee ne ce que le promoteur P trp 
comprend la sequence d'acides nucleiques representee par Tidentificateur de 
sequence n 1 (SEQ ID NO 1). 
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Tth111l (6166) 




(Sspl/Smal) (3705) 



Fig. 1 
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Fig 4 
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//widlll (4700) 



Fig 5 
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LISTE DE SEQUENCES 

(iii) NOMBRE DE SEQUENCES: 4 
(2) INFORMATIONS POUR LA SEQ ID NO : 1: 

(i) CARACTERISTIQUES DE LA SEQUENCE: 

(A) LONGUEUR: 121 paires de bases 

(B) TYPE: nucleotide 

(C) NOMBRE DE BRINS : simple 

(D) CONFIGURATION: lineaire 

(ii) TYPE DE MOLECULE: ADN 

(xi) DESCRIPTION DE LA SEQUENCE: SEQ ID NO : 1: 
GAATTCCCTG TTGACAATTA ATCATCGAAC TAGTTAACTA GTACGCAGCT TGGCTGCAGG 



TCGACCTGCA GCCAAGCTTG GGCATACATT CAATCAATTG TTATCTAAGG AAATACT TAC 



(2) INFORMATIONS POUR LA SEQ ID NO : 2: 

(i) CARACTERISTIQUES DE LA SEQUENCE: 

(A) LONGUEUR: 17 93 paires de bases 

(B) TYPE: nucleotide 

(C) NOMBRE DE BRINS: simple 

(D) CONFIGURATION: lineaire 

(ii) TYPE DE MOLECULE: ADN 

( ix) CARACTERISTIQUE : 

(A) NOM/CLE: CDS 

(B) EMPLACEMENT: 12 3 . .1190 

(xi) DESCRIPTION DE LA SEQUENCE: SEQ ID NO : 2: 

GAATTCCCTG TTGACAATTA ATCATCGAAC TAGTTAACTA GTACGCAGCT TGGCTGCAGG 

TCGACCTGCA GCCAAGCTTG GGCATACATT CAATCAATTG TTATCTAAGG AAATACTTAC 

AT ATG CAG ACA AGA AAA ATC GTC CGG GCA GCC GCC GTA CAG GCC GCC 
Met Gin Thr Arg Lys He Val Arg Ala Ala Ala Val Gin Ala Ala 



TCT CCC AAC TAC GAT CTG GCA ACG GGT GTT GAT AAA ACC ATT GAG CTG 
Ser Pro Asn Tyr Asp Leu Ala Thr Gly Val Asp Lys Thr He Glu Leu 



GCT CGT CAG GCC CGC GAT GAG GGC TGT GAC CTG ATC GTG TTT GGT GAA 
Ala Arg Gin Ala Arg Asp Glu Gly Cys Asp Leu He Val Phe Gly Glu 



60 
120 
121 



60 
120 
167 

215 

263 

311 



ACC 
Thr 



TGG CTG CCC 
Trp Leu Pro 
50 



GGC TAT CCC TTC CAC 
Gly Tyr Pro Phe His 
55 



GTC TGG CTG GGC GCA 
Val Trp Leu Gly Ala 
60 



Pro 



GCC 
Ala 
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TGG TCG CTG AAA TAC AGT GCC CGC TAC TAT GCC AAC TCG CTC TCG CTG 359 
Trp Ser Leu Lys Tyr Ser Ala Arg Tyr Tyr Ala Asn Ser Leu Ser Leu 
65 70 75 

GAG AGT GCA GAG TTT CAA CGC ATT GCC CAG GCC GCA CGG ACC TTG GGT 4 07 

Asp Ser Ala Glu Phe Gin Arg He Ala Gin Ala Ala Arg Thr Leu Gly 
80 85 90 95 

ATT TTC ATC GCA CTG GGT TAT AGC GAG CGC AGC GGC GGC AGC CTT TAC 4 55 

He Phe He Ala Leu Gly Tyr Ser Glu Arg Ser Gly Gly Ser Leu Tyr 
100 105 HO 

CTG GGC CAA TGC CTG ATC GAC GAC AAG GGC CAG ATG CTG TGG TCG CGT 5 03 

Leu Gly Gin Cys Leu He Asp Asp Lys Gly Gin Met Leu Trp Ser Arg 
115 120 125 

CGC AAA CTC AAA CCT ACA CAT GTT GAG CGC ACC GTG TTT GGT GAA GGT 5 51 

Arg Lys Leu Lys Pro Thr His Val Glu Arg Thr val Phe Gly Glu Gly 
130 135 140 

TAT GCC CGA GAT CTG ATT GTG TCC GAC ACC GAG CTG GGC CGC GTC GGT 5 99 

Tyr Ala Arg Asp Leu He Val Ser Asp Thr Glu Leu Gly Arg Val Gly 
145 150 155 

GCC CTG TGC TGC TGG GAG CAC CTG TCC CCC TTG AGC AAG TAC GCG CTG 64 7 

Ala Leu Cys Cys Trp Glu His Leu Ser Pro Leu Ser Lys Tyr Ala Leu 
160 165 170 175 

TAC TCC CAG CAC GAA GCC ATT CAC ATT GCC GCC TGG CCG TCC TTT TCG 6 95 

Tyr Ser Gin His Glu Ala He His He Ala Ala Trp Pro Ser Phe Ser 
180 185 190 

CTG TAC AGC GAA CAG GCC CAT GCG CTC AGC GCC AAG GTG AAC ATG GCT 74 3 

Leu Tyr Ser Glu Gin Ala His Ala Leu Ser Ala Lys Val Asn Met Ala 
195 200 205 

GCC TCG CAA ATC TAT TCG GTT GAA GGC CAG TGC TTT ACC ATC GCC GCC 7 91 

Ala Ser Gin He Tyr Ser Val Glu Gly Gin Cys Phe Thr He Ala Ala 
210 215 220 

AGC AGT GTC GTC ACC CAG GAG ACA CTG GAC ATG CTG GAA GTA GGT GAA 83 9 

Ser Ser Val Val Thr Gin Glu Thr Leu Asp Met Leu Glu Val Gly Glu 
225 230 235 

CAC AAC GCC TCC CTG CTG AAA GTG GGC GGC GGC AGT TCC ATG ATT TTT 887 
His Asn Ala Ser Leu Leu Lys Val Gly Gly Gly Ser Ser Met He Phe 
240 245 250 255 

GCG CCG GAC GGA CGC ACA TTG GCT CCC TAC CTG CCA CAC GAT GCC GAA 93 5 

Ala Pro Asp Gly Arg Thr Leu Ala Pro Tyr Leu Pro His Asp Ala Glu 
260 265 270 

GGC CTG ATC ATT GCC GAT CTG AAC ATG GAA GAA ATT GCC TTC GCC AAG 983 
Gly Leu He He Ala Asp Leu Asn Met Glu Glu He Ala Phe Ala Lys 
275 280 285 

GCG ATC AAC GAC CCT GTG GGC CAC TAC TCC AAA CCC GAG GCC ACC CGT 1031 
Ala He Asn Asp Pro Val Gly His Tyr Ser Lys Pro Glu Ala Thr Arg 
290 295 300 
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CTG GTA CTG GAC CTG GGG CAC CGT GAG CCC ATG ACT CGG GTG CAT TCC 
Leu Val Leu Asp Leu Gly His Arg Glu Pro Met Thr Arg Val His Ser 
305 310 315 

AAA AGC GTG ATC CAG GAA GAA GCT CCC GAG CCG CAC GTG CAA AGT ACG 
Lys Ser Val lie Gin Glu Glu Ala Pro Glu Pro His Val Gin Ser Thr 
320 325 330 335 

GCT GCG CCC GTC GCC GTC AGC CAG ACT CAG GAC TCG GAT ACG CTA CTG 
Ala Ala Pro Val Ala Val Ser Gin Thr Gin Asp Ser Asp Thr Leu Leu 
340 345 350 

GTG CAA GAA CCG TCC TGA CCCCAAAAGA TGACAAGGCC CGGGCAAACT 
Val Gin Glu Pro Ser 
355 

GTCCGGGTCT TGATTCCTTC TGCGTCCCGG AT C C ACT AGT TCTAGAGTCG ACCTGCAGGC 
ATGCAAGCTT GGGTCCCACC TG AC C C C ATG CCGAACTCAG AAGTGAAACG CCGTAGCGCC 
GATGGTAGTG TGGGGTCTCC CCATGCGAGA GTAGGGAACT GCCAGGCATC AAATAAAACG 
AAAGGCTCAG TCGAAAGACT GGGCCTTTCG TTTTATCTGT TGTTTGTCGG TGAACGCTCT 
CCTGAGTAGG ACAAATCCGC CGGG AG CGG A TTTGAACGTT GCGAAGCAAC GGCCCGGAGG 
GTGGCGGGCA GGACGCCCGC C AT AAACTG C CAGGCATCAA ATTAAGCAGA AGGCCATCCT 
GACGGATGGC CTTTTTGCGT TTCTACAAAC TCTTCCTGTC GTCATATCTA CAAGCCATCC 
CCCCACAGAT ACGGTAAACT AGCCTCGTTT TTGCATCAGG AAAGCAGCTA TGAACCACTC 
CTTAAAACCC TGGAACACAT TTGGCATTGA TCATAATGCT CAGCACATTG TATGTGCCGA 
AGACGAACAA CAATTACTCA ATGCCCGCGG 
(2) INFORMATIONS POUR LA SEQ ID NO : 3: 

(i) CARACTERISTIQUES DE LA SEQUENCE: 

(A) LONGUEUR: 3 5 paires de bases 

(B) TYPE: nucleotide 

(C) NOMBRE DE BRINS : simple 

(D) CONFIGURATION: lineaire 

(ii) TYPE DE MOLECULE: oligonucleotide 
(xi) DESCRIPTION DE LA SEQUENCE: SEQ ID NO : 3: 
CCCCCCGACA GCTGTCTTGC TTTCGAATTT CTGCC 
(2) INFORMATIONS POUR LA SEQ ID NO : 4: 

(i) CARACTERISTIQUES. DE LA SEQUENCE: 

(A) LONGUEUR: 2 6 paires de bases 

(B) TYPE: nucleotide 

(C) NOMBRE DE BRINS: simple 

(D) CONFIGURATION : lineaire 
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1127 

1175 

1223 

1283 
1343 
1403 
1463 
1523 
1583 
1643 
1703 
1763 
1793 
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(ii) TYPE DE MOLECULE: oligonucleotide 
(xi) DESCRIPTION DE LA SEQUENCE: SEQ ID NO : 4: 
TTGACGTCAG TAG CTG AAC A GGAGGG 26 
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This international search rcpon has not been established in respect of certain claims under Article 17(2 j< a) for the following reasons 
1, I | Claims Nos.: 

' ' because they relate to subject matter not required to be searched by this Authority, namely: 



[ | ClauTisNos.: 

because they relate 10 pans of the international application that do not comply with the prescribed requirements to such 
an extent thai no meaningful international search can be carried out ; specifically: 



I I Claims Nos.: _ i 
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule o.-lt.;i) 



Box II Observations where unity of invention is tacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows 



see supplementary sheet 



1. I I As all required additional search fees were timely paid by the applicant, tins international search report covers all 

searchablcclaims. 

2. | )( | As all searchable claims could be searched without efibn justifying an additional fee. this Authority did not invite payment 

of any additional fee. 

3. I I As onlv some of the required additional search fees were timely paid by the applicant, this international search report 
covers onlv those claims for which fees were paid, specifically claims Nos.: 



4. | | No required additional search ices were timely paid by the applicant. Consequently, this international search report is 
' ' restricted to the invention first mentioned in the claims; it is covered by claims Nos. 



□ 
□ 



The additional search fees were accompanied by the applicant's protest. 
No protest accompanied the payment of additional search fees. 



Remark on Protest 



Form PCT/lSAy2l0 (continuation of first sheet (])) (July 1992) 



INTERN^nONAX SEARCH REPORT 



International application No. 

PCT/FR 99/01343 



1. Claims: 1-18 

Industrial method for preparing heterologous proteins in E.coli, W strain. 

2. Claims: 19, 20 

E.coli W strain, characterised in that it comprises a system for expressing 
heterologous proteins whereof the promoter is the Ptrp promoter. 
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LEE S. Y. ET CHANG H. N. : "High cell 
density cultivation of Escherichia coli W 
using sucrose as a carbon source" 
BIOTECHNOLOGY LETTERS , 

vol. 15, no. 9, September 1993 (1993-09), 
pages 971-974, 'XPO'0'2094347 
cited in the application 
the whole document 



-/-- 



1-4, 

7-10,16, 
17 



5,6, 
14-20 



Further documents are listed in the continuation of box C. 



0 



Patent family members are listed in annex. 



g Special categories of cited documents : 

*A' document defining the general state of the art which is not 
considered to be of particular relevance 

*E* earlier document but published on or after the international 
filing date 

'L* document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

*0* document referring to an oral disclosure, use, exhibition or 
other means 

*P* document publiched prior to the international filing date but 
later than the priority date claimed 



*T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y m document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international searcn 

5 October 1999 


Date of mailing of the international search report 
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RAPPORT DE RECHERCHE INTERNATIONALE 
(article 18 et regies 43 et 44 du PCT) 



Reference du dossier du deposant ou 

du mandataire 

PH 98032 PCT 


POUR SUITE voir ,a notification de transmission du rapport de recherche international 
(formulaire PCT/ISA/220) et, le cas 6cheant, le point 5 ci-apres 

A DONNER 


Demande Internationale n° 
PCT/FR 99/01343 


Date du d^pdt international (jour/mois/ann£e) 

08/06/1999 


(Date de priority (la plus ancienne) 
(jour/mois/ann6e) 

10/06/1998 


Deposant 

RHONE-POULENC NUTRITION ANIMALE et al . 



Le present rapport de recherche international, etabli par ('administration chargee de la recherche international e, est transmis au 
deposant conform^ment a Tarticle 18. Une copie en est transmise au Bureau international. 



-6- 



feuilles. 



Ce rapport de recherche international e comprend 

[X] II est aussi accompagne d'une copie de chaque document relatif a I'etat de la technique qui y est cite\ 



1 . Base du rapport 

a. En ce qui concerne la langue, la recherche Internationale a ete" effectuee sur la base de la demande Internationale dans la 
langue dans laquelle elle a 6te" d6pos6e, sauf indication contraire donn^e sous le meme point. 



□ 



la recherche internationale a ete effectuee sur la base d'une traduction de la demande Internationale remise a I'administration. 



b. 



2. 
3. 



En ce qui concerne les sequences de nucleotides ou d'acides amines divulguees dans la demande internationale (le cas echeant) 

la recherche internationale a ete effectuee sur la base du listage des sequences : 

[X] contenu dans la demande internationale, sous forme ecrite. 

| | d£pos6e avec la demande internationale, sous forme d^chiffrable par ordinateur. 

| | remis ulterieurement a I'administration, sous forme e'crite. 

[X] remis ulterieurement a I'administration, sous forme dechiffrable par ordinateur. 

[~X~| La declaration, selon laquelle le listage des sequences pr6sent£ par 6cr\X et fourni ulterieurement ne vas pas au-dela de la 
divulgation faite dans la demande telle que d6pos£e, a 6X6 fournie. 

[X] La declaration, selon laquelle les informations enregistrees sous forme dechiffrable par ordinateur sont identiques a celles 
du listage des sequences pr6sente par ecrit, a 6X6 fournie. 

| | II a ete estime que certaines revendications ne pouvaient pas faire Tobjet d'une recherche (voir le cadre I). 
|~3C| II y a absence d'unite de I'invention (voir le cadre II). 



4. En ce qui concerne le tltre, 

|~?C] le texte est approuv£ tel qu'il a 6t6 remis par le deposant. 

| | Le texte a 6X6 etabli par I'administration et a la teneur suivante: 



En ce qui concerne I'abrege, 

j | le texte est approuve" tel qu'il a 6X6 remis par le deposant 

Ele texte (reproduit dans le cadre III) a 6X6 etabli par ('administration conform^ment a la regie 38.2b). Le deposant peut 
presenter des observations a ('administration dans un d£lai d'un mois a compter de la date d'expedition du present rapport 
de recherche internationale. 

La figure des dessins a publier avec I'abrege" est la Figure n° — 



| | suggere"e par le deposant. Q Aucune des figures 
7=i n'est a publier. 

| | parce que le deposant n'a pas suggere de figure. 

[ | parce que cette figure caracterise mieux I'invention. 
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, Demande Internationale n° 
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Cadr I Obs rvatl ns - lorsqu'il a et ' estime que certaines revendicatlons ne p uvaient pas fair I'objet d une rech rchp 
(suite du point 1 de la premier f uille) 



Conformement a I'article 17.2)a), certaines revendications n'ont pas fait I'objet d'une recherche pour les motifs suivants: 



Les revendications n 03 

se rapportent a un objet a regard duquel Tadministration n'est pas tenue de proc6der a la recherche, a savoir: 



2. Les revendications n os 

se rapportent a des parties de la demande internationale qui ne remplissent pas suffisamment les conditions prescrites pour 

qu'une recherche significative puisse etre effectuee, en particulier: 



3. I Les revendications n os 

sont des revendications dependantes et ne sont pas r^digees conformement aux dispositions de la deuxieme et de la 

troisieme phrases de la regie 6. 4. a). 



Cadre II Observations - lorsqu'il y a absence d'unite de I'invention (suite du point 2 de la premiere feuille) 



L'administration chargee de la recherche internationale a trouv6 plusieurs inventions dans la demande internationale, a savoir: 

Voir feuille supplemental re 



1 . | I Comme toutes les taxes additionnelles ont ete payees dans les delais par le deposant, le present rapport de recherche 
' ' internationale porte sur toutes les revendications pouvant faire I'objet d'une recherche. 

Comme toutes les recherches portant sur les revendications qui s'y pretaient ont pu etre erfectuees sans effort particulier 
justifiant une taxe additionnelle, l'administration n'a sollicite le paiement d'aucune taxe de cette nature. 



3. I I Comme une partie seulement des taxes additionnelles demandees a 6te payee dans les delais par le deposant, le present 

' ' rapport de recherche internationale ne porte que sur les revendications pour lesquelles les taxes ont ete payees, a savoir 

les revendications n os 



4. I I Aucune taxe additionnelle demanded n'a ete payee dans les delais par le deposant. En consequence, le present rapport 

' ' de recherche internationale ne porte que sur I'invention mentionnee en premier lieu dans les revendications; elle est 

couverte par les revendications n os 



Remarque quant a ta reserve | | Les taxes additionnelles etaient accompagnees d'une reserve de la part du deposan l 

[ | Le paiement des taxes additionnelles n'etait assorti d'aucune reserve. 
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pemande internationale n° 
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Cadre III TEXTE DE L'ABREGE (suit du point 5 de la premiere feuille) 



La presente invention concerne un procede industriel de preparation de 
proteines heterologues dans E coli, dans lequel on ensemence et on 
cultive dans un milieu de culture approprie des bacteries E coli modifiees 
avec un systeme d'expression de proteines heterologues approprie, 
caracterise en ce que la souche de E. coli est une souche E. coli W. 
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m. 



m 



ande Internationale No 



/FR 99/01343 



A. CLASS EM ENT DE L'OBJET DE LA DEMANDE 

CIB 6 C12N15/55 C12N9/78 



C12N9/80 

C12P21/02 //(C12N1/21,C12R1:19) 



C12N15/71 C12N1/21 



Selon la classification internationals des brevets (CIB) ou a la fois selon ta classification nationale et la CIB 



B. DOMAINES SUR LESQUELS LA RECHERCHE A PORTE 



Documentation minimale consultee (systems de classification suivi des symboles de classement) 

CIB 6 C12N C12P 



Documentation consultee autre que la documentation minimale dans la mesure ou ces documents relevent des domaines sur tesquels a porte la recherche 



Base de donn^es electronique consultee au cours de la recherche Internationale (nom de la base de donnees, et si realisable, termes de recherche utilises) 



C. DOCUMENTS CONSIDERES COMME PERTINENTS 



Categorie ° Identification des documents cites, avec, le cas echeant, I'indication des passages pertinents 



no. des revendications visees 



LEE S. Y. ET CHANG H. N . : "High cell 
density cultivation of Escherichia coli W 
using sucrose as a carbon source" 
BIOTECHNOLOGY LETTERS, 

vol. 15, no. 9, septembre 1993 (1993-09), 
pages 971-974, XP002094347 
cite dans la demande 
le document en entier 



-/-- 



1-4, 

7-10,16, 
17 



5,6, 
14-20 



j X I Voir la 



suite du cadre C pour la fin de la liste des documents 



Les documents de families de brevets sont indiques en annexe 



° Categories speciales de documents cites: 



"A 



document d^finissant I'etat general de la technique, non 
consider^ comme particulierement pertinent 
document anterieur, mais public a la date de depot international 
ou apres cette date 
document pouvant jeter un doute sur une revendication de 
priorite ou cite pour determiner la date de publication d'une 
autre citation ou pour une raison speciale (telle qu'indiqu6e) 
document se reterant a une divulgation orale, a un usage, a 
une exposition ou tous autres moyens 
P" document publie avant la date de depdt international, mais 
post6rieurement a la date de priorite revendiquee 



"L" 



T" document utterieur publie apres la date de depdt international ou la 
date de priorite et n'appartenenant pas a i'etat de la 
technique pertinent, mais cite pour comprendre le principe 
ou la th£orie constituant la base de ('invention 

"X" document particulierement pertinent; t'inven tion revendiquee ne peut 
etre consid6ree comme nouvelle ou comme impliquant une activite 
inventive par rapport au document consider^ isolement 

"Y" document particulierement pertinent; I'inven tion revendiquee 

ne peut etre considered comme impliquanf une activite inventive 
lorsque le document est assocte a un ou plusieurs autres 
documents de meme nature, cette combinaison etant evidente 
pour une personne du metier 

"&" document qui fait partie de la meme famille de brevets 



Date a laquelle la recherche internationale a ete effectivement achevee 



5 octobre 1999 



Date d' expedition du present rapport de recherche internationale 



15/10/1999 



Nom et adresse postale de I'administration chargee de la recherche internationale 
Office European des Brevets, P.B. 5818 Patentlaan2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 
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RAPPORT DE RECHERCHE INTERNATIONALE 


PCT/FR 99/ 01343 



Cadre I Observations - lorsqu il a ete estime que certaines revendications ne pouvaient pas faire I'objet d'une recherche 
(suitu _ ^ point 1 de la premiere feuille) 



CcnformGment a l ^rticle l7.2)a), certaines revendications n'ont pas fait I'objet d une recherche pour les motifs suivants: 

! I I Les revenatcattons n" a 

se rapportent a un objel a 1'egard duauel ladminisiration n'est pas tenue de proceder a la recherche, a s avoir: 



| ! Les revendications n :i 

se rappanent a des parties de la demande Internationale qui ne rempltssent pas suflisamment les conditions prescntes pour 
qu'une recherche significative puisse etre erfeciuee, en panicuher: 



3 ! Les revenaicanons n- 5 

* soni des revendications aependantes et ne sont pas redigees conformement aux dispositions de la deuxieme et de la 
troisieme Dnrases de ia regie 6 4 a). 

Cadre II Observations - lorsqu'il y a absence d'unite de ('invention (suite du point 2 de ta premiere feuille) 

L'administration cnargee ae la recherche mternationaie a trouve piusieurs inventions dans la demande Internationale, a savoir: 

Voir feuille supp 1 ementa i re 



Comme loutes les taxes addittonneiles ont ete payees dans ies deiais par ie deposant, le present rapport de recherche 
mternationaie Done sur toutes les revenaications pouvani faire i'objet d'une recherche 



2. : X 1 'Comme ioutas les recherches portant sur ies revendications qui s'y pretaient ont pu etre effectuees sans effort particulier 
justihani une taxe additionnelle, r administration n a sollicite ie paiement d'aucune taxe de celte nature. 



Comme une partie seulement des taxes additionneiles demandees a ete payee dans les deiais par la deposant, le present 
rapport de recherche Internationale ne porte que sur les revendications pour lesquelles ies taxes ont ete payees, a savoir 
les revendications n 35 



I | Aucune taxe additionnelle demandee n'a ete cayee dans les deiais par le deposant. En consequence, le present rapport 

de recnerche mternationaie ne pone que sur ( invention mentionnee en premier lieu dans les revendications, elle est 

couvene par les revendications n °* 



Remarque quant a la reserve j j Les taxes additionneiles etaient accompagnees d'une reserve de la part du deposan 

| | Le paiement des taxes additionneiles n'etajt assorti d'aucune reserve. 
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Demande Internationale No PCT/FR 99 /01343 



SUITE DES RENSEIGNEMENTS INDIQUES SUR PCT/ISA/ 210 



re vendi cat i ens : 1-18 

Precede industriel de preparation de proteines heterologies 
dans E . col i , souche W. 



Z. revendi cat ions: 19, 20 

Souche E.coli W, caracterisee en ce qu : elle comprend un 
systeme d'expression de proteines heterologies dont le 
promoteur est le promoteur Ptrp. 



RAPPORT DE MHERCHE INTERNATIONALE 



nr '«* Internationale No 

PCi/FR 99/01343 



A. CLASSEMENT DE L'OBJET DE LA DEMANDE 

CIB 6 C12N15/55 C12N9/78 C12N9/8Q C12N15/71 C12N1/21 
C12P21/02 //(C12N1/21,C12R1:19) 

Selon la classification Internationale des brevets (CIB) ou a la fois seton la classification national et la C IB 

B. OOMA1NES SUR LESQUELS LA RECHERCHE A PORTE 

Documentation mtnimaie consuttee (systeme de classification suivi des symboles de classementl 

CIB 6 C12N C12P 



Documentation consuttee autre que fa documentation minimale dans, la 



mesure ou cet Documents releveni des^omaines sur lesquels a porte la recherche 



Base de donnees elecuomque consuttee au cours de la recherche Internationale (nom ae la base de donnees. et si realisable, lermes de recherche utilises) 



C. DOCUMENTS CONSIDERES COMME PERTINENTS 



Categorie 0 



Identification des documents cites, avec, le cas echeant, I'indication des passages pertinents 



no. des revendicattons visees 



w 



LEE S. Y. ET CHANG H. M . : "High cell 
density cultivation of Escherichia coli 
using sucrose as a carbon source" 
BIOTECHNOLOGY LETTERS, 

vol. 15, no. 9, septembre 1993 (1993-09) 
pages 971-974, XP002094347 
cite dans la demande 
le document en entier 



-/• 



1-4, 

7-10.16, 
17 



5,6, 
14-20 



m 



Voir la suite du cadre C pour la fin de la liste des documents 



Les documents de families de brevets sont indiques en annexe 



" Categories spociales de documents cites: 

* V document definissant fetat general de ia technique, non 
constdere comme particulierement pertinent 

"E' document anteneur, mats publie 6 la date ae depot international 
ou apres cette dale 

*L* document pouvant jeter^jn doute sur une revendication de 
pnorrte ou cite pour determiner la date de publication d'une 
autre citation ou pour une raison speciale (telle qu'indiquee) 

'O* document se referant a une divulgation orale, a un usage, a 
une exposition ou tous autres moyens 

*P" document publie avant la date de depot international, mais 
posterieurement a la date de prionte revendiquee 



document uiterieur publie apres la date de depot international ou la 
date de pnorite et n'appartenenant pas a letat de la 
technique pertinent, mais cite pour comprendre le principe 
ou la theone constituant la base ae invention 

document particulierement pertinent; Tinven tion revendiquee ne peut 
etre consideree comme nou\/elle ou comme impliquant une activite 
inventive par rapport au document considere isolement 

document particulierement pertinent; I'inven tion revendiquee 
ne peut etre consideree comme impliquant une activite inventive 
lorsque le document est associe a un ou plusieura autres 
documents de meme nature, cette combinaison etant evidente 
pour une personne du metier 



Date a laqueile la recnercne Internationale a ete erfectivement acnevee 

5 octobre 1999 


Date d expedition du present rapport de recherche Internationale 

0 5. 11. 99 


Nom et adresse postale de f administration cnargee de la recnercne Internationale 
Office Europeen des Brevets, P 6. 5618 Patentlaan 2 
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Tel. (+31-70) 340-2040. Tx. 3 1 65 1 epo nl. 
Fax; ( + 31-70) 340-3016 

r nrmulnif ^ PPT'IC* o.n i_ , , no-v 


Fonctionnaire autorise 
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EP 0 596 812 A (RHONE-POULENC CHIMIE ( FR) * 
PETRE D; CERBELAUD E; LEVY-SCHIL S; 
CROUZET) 11 mai 1994 (1994-05-11) 
cite dans la demande 
abrege 

page 3, 1 igne 20-24 

page 11, 1 igne 24-46 

page 12 , 1 igne 44,45 

page 13; tableau 4 

page 25 -page 28; revendi cations 

LEE J. ET AL.: "Fed-batch culture of 

Escherichia coli W by exponential feeding 

of sucrose as a carbon source" 

BIOTECHNOLOGY TECHNIQUES , 

vol. 11, no. 1, janvier 1997 (1997-01), 

pages 59-62, XP002094348 

le document en entier 

EP 0 496 993 A ( ANT I B I OTI COS S.P.A. (IT)- 

CAMBIAGHI 5.; TOMASELLI 5.; VERGA R.) 

5 aout 1992 (1992-08-05) 

page 7, 1 igne 8-22 

page 8, ligne 30 -page 9, ligne 12 

page 13, ligne 38 -page 15, ligne 32; 

exemple 9 

page 21; revendi cat i on 4 

W0 90 02193 A (UNIVERSITY OF FLORIDA (US) ■ 

INGRAM L.O.; CONWAY T.; ALTERTHUM F.) 

8 mars 1990 (1990-03-08) 

page 6, 1 igne 29-36 

page 18, ligne 7-21; exemple 8 

page 19, ligne 42 -page 23 

page 26 -page 28; revendi cations 

US 5 354 667 A (ANTIBIOTIC0S S.P.A. (IT)- 
CR0UX C; PEREZ JC; FUENTES J LB; MALD0NAD0 
FS) 11 octobre 1994 (1994-10-11) 
colonne 6, 1 igne 4-11 
colonne 7; tableau 1 
colonne 8, 1 igne 49-59 

EP 0 670 370 A (AJIN0M0T0 CO. INC. (JP) • 
0N0 E. ; TSUJIMOTO N . ; MATSUI K. ; KURAHASHI 
0.) 6 septembre 1995 (1995-09-06) 
page 3, ligne 58 -page 5, ligne 9 

WO 98 18941 A (RHONE-POULENC NUTRITION 
ANIMALE (FR); FAVRE-BULLE 0; PIERRARD J ET 
AL.) 7 mai 1998 (1998-05-07) 
abrege 

page 6, alinea 2 

page 21, ligne 10 -page 26, ligne 15; 
exemples 4,5 

-/-- 
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5,6, 
14-20 



1-4,7-10 
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10-13, 
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1-4,7, 
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16,17,19 



1-4,7, 
10-14. 
16,17,19 



5,6,14, 
18 
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WO 90 02800 A ( FARM I TALI A CARLO ERBA SRL 
(IT); BERG0NZ0NI; ISACCHI; SARMIENT0S; 
CAUET) 22 mars 1990 (1990-03-22) 
figure 7 

CHEMICAL ABSTRACTS, vol. 71, no. 21, 
24 novembre 1969 (1969-11-24) 
Columbus, Ohio, US; 
abstract no. 100403, 

DEVCIC, B RAN KA ET AL: "Effect of some 
factors on the growth and penicillin 
acylase activity of Escherichia coli ATCC 
9637" 

XP002117599 
abrege 

& MIKROBIOLOGIJA (1968), 5(2), 189-96 
1968, 

FR 2 128 587 A (ASAHI KASEI K0GY0 K.K. 
(JP)) 20 octobre 1972 (1972-10-20) 
page 7, ligne 38 -page 8, ligne 35; 

example 2 

US 5 000 000 A (UNIVERSITY OF FLORIDA 
(US); INGRAM L.0; CONWAY T.; ALTERTHUM F.) 
19 mars 1991 (1991-03-19) 
colonne 16; exemple 8 

US 4 246 346 A (AKTI EB0LAGET FERMENTA 
(SE); LARSS0N P.-0.; M0SBACH K.H.; OHLSON 
S.A.) 20 janvier 1981 (1981-01-20) 
colonne 2, ligne 59 -colonne 3, ligne 20 
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FR 
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JP 
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US 
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RAPPORT DE RECHERCHE INTERNATIONALE 
(article 18 t regis 43 t44duPCT) . 



Reference du dossier du deposant ou 
du mandataire 

PH 98032 PCT 


POUR SUITE voir ,a notification de transmission du rapport de recherche international 
(formulaire PCT/ISA/220) et, le cas echeant, le point 5 ci-apres 

A DONNER 


Demande internationale n° 

PCT/FR 99/01343 


Date du depot intern atlonal (jour/mois/annee) 

08/06/1999 


(Date de priorite (la plus ancienne) 
(jour/mois/annee) 

10/06/1998 


Deposant 

RHONE-POULENC NUTRITION ANIMALE et al. 



Le present rapport de recherche Internationale, etabli par ('administration chargee de la recherche internationale, est transmis au 
deposant conformement a 1'article 1 8. Une copie en est transmise au Bureau international. 



. feu i lies. 



Ce rapport de recherche internationale comprend _*| 

[X] II est aussi accompagne d'une copie de chaque document relatif a I'etat de la technique qui y est cite. 



1. Base du rapport 

a. En ce qui concerne la langue, la recherche internationale a ete effectuee sur la base de la demande internationale dans la 
langue dans laquelle elle a ete deposee, sauf indication contraire donnee sous le meme point. 

I | la recherche internationale a ete effectuee sur la base d'une traduction de la demande internationale remise a ('administration. 

b. En ce qui concerne les sequences de nucleotides ou d'acides amines divulguees dans la demande internationale (le cas echeant) 
la recherche internationale a ete effectuee sur la base du listage des sequences : 

|X] contenu dans la demande internationale, sous forme ecrite. 

| | deposee avec la demande internationale, sous forme dechiffrable par ordinateur. 

| | remis ulterieurement a ('administration, sous forme ecrite. 

| X | remis ulterieurement a I'administration, sous forme dechiffrable par ordinateur. 

fX] La declaration, selon laquelle le listage des sequences presente par ecrit et fourni ulterieurement ne vas pas au-dela de la 
divulgation faite dans la demande telle que deposee, a ete fournie. 

|X] La declaration, selon laquelle les informations enregistrees sous forme dechiffrable par ordinateur sont identiques a celles 
du listage des sequences presente par ecrit, a ete fournie. 

2. Q II a ete estime que certaines re vend icat ions ne pouvaient pas faire fobjet d'une recherche (voir le cadre I). 

3. [X] II y a absence d'unite de I'invention (voir le cadre II). 



4. En ce qui concerne le titre, 

[X] le texte est approuve tel qu'il a ete remis par le deposant. 

| | Le texte a ete etabli par I'administration et a la teneur suivante: 



En ce qui concerne I'abrege, 

| | le texte est approuve tel qu'il a ete remis par le d6posant 

mle texte (reproduit dans le cadre III) a ete etabli par ('administration conformement a la regie 33. 2b). Le deposant peut 
presenter des observations a I'administration dans un delai d'un mois a compter de la date d'expedition du present rapport 
de recherche internationale. 



La figure des dessins a publier avec I'abrege est la Figure n° 



I | suggeree par le deposant. Q Aucune des figures 

| | parce que le deposant n'a pas suggere de figure. nest a publier. 

| | parce que cette figure caracterise mieux I'invention. 
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Cadr I Obs rvations - lorsqu'II a ete stime qu certain s revendlcatl ns n p uvaient pa fair I' bjet d'une rech rch< 
(suite du point 1 d la preiv,;6re feuill ) 



Conformement a l'article 17.2)a), certaines revendications n'ont pas fait I'objet d'une recherche pour les motifs suivants: 

1 . Les revendications n os 

se rapportent a un objet a I'egard duquel r administration n'est pas tenue de proceder a la recherche, a savoir: 



2. J Les revendications n os 

se rapportent a des parties de la demande intemationale qui ne remplissent pas suffisamment les conditions prescrites pour 

qu'une recherche significative puisse etre effectuee, en particulier: 



3. Les revendications n 08 

sont des revendications dependantes et ne sont pas redigees conformement aux dispositions de la deuxieme et de la 

troisieme phrases de la regie 6.4.a). 



Cadre II Observations - lorsqu'il y a absence d'unite de I'invention (suite du point 2 de la premiere feuille) 



L'administration chargee de la recherche intemationale a trouve plusieurs inventions dans la demande intemationale, a savoir: 

Voir feuille supplemental* re 



1 . I I Comme toutes les taxes additionnelles ont ete payees dans les delais par le deposant, le present rapport de recherche 
' ' intemationale porte sur toutes les revendications pouvant faire I'objet d'une recherche. 

2. I X I - Com me toutes les recherches portant sur les revendications qui s'y pretaient ont pu etre effectuees sans effort particulier 

justifiant une taxe additionnelle, ^administration n'a sollicit6 le paiement d'aucune taxe de cette nature. 



□ Comme une partie seulement des taxes additionnelles demandees a ete payee dans les delais par le deposant, le present 
rapport de recherche intemationale ne porte que sur fes revendications pour lesquelles les taxes ont 6t6 payees, a savoir 
les revendications n 03 



4. I I Aucune taxe additionnelle demandee n'a ete payee dans les delais par le deposant. En consequence, le present rapport 

' 1 de recherche intemationale ne porte que sur ('invention mentionnee en premier lieu dans les revendications; elle est 

couverte par les revendications n 03 



Remarque quant a la reserve | | Les taxes additionnelles etaient accompagnees d'une reserve de la part du deposanl 

j | Le paiement des taxes additionnelles n'etait assorti d'aucune reserve. 
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Demands intemationale No. PCT/FR 99/01343 



SUITE DES RENSEIGNEMENTS INDIQUES SUR PCT/ISA/ 210 



1. revendications: 1-18 

Procede industriel de preparation de proteines heterologues 
dans E.coli, souche W. 



2. revendications: 19, 20 

Souche E.coli W, caracterisee en ce qu'elle comprend un 
systeme d 'expression de proteines heterologues dont le 
promoteur est le promoteur Ptrp. 



^P^^TER NATION ALE 



^^^Bmande intemationale n° 

RAPPORT DE RECHERC^^ 



PCT/FR 99/01343 



Cadre III TEXTE DE L'ABREGE (suite du p int5d la premier feuille) 



La presente invention concerne un procede Industrie! de preparation de 
proteines heterologues dans E coli, dans lequel on ensemence et on 
cultive dans un milieu de culture approprie des bacteries E coli modifiees 
avec un systeme d 1 expression de proteines heterologues approprie, 
caracterise en ce que la souche de E. coll est une souche E. coli W. 
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iEManOE 



n^jcnde Internationale No 



F/FR 99/01343 



A. CLASSEMENT DE L'OBJET DE LA DEMATl'OE 

CIB 6 C12N15/55 C12N9/78 
C12P21/Q2 



C12N9/80 C12N15/71 C12N1/21 
//(C12N1/21,C12R1:19) 



Selon la classification i n tern ation ale des brevets (CIB) ou a la fois selon la classification nationals et la CIB 



B. DOMAINES SUR LESQUELS LA RECHERCHE A PORTE 



Documentation mtnimale consuttee (systeme de classification suivi des symboles de classement) 

CIB 6 C12N C12P 



Documentation consuttee autre que la documentation mini male dans la mesure ou ces documents reinvent des domaines sur lesquels a port6 la recherche 



Base de donnees electro nique consuttee au cours de la recherche Internationale (nom de la base de donnees, et si realisable, termes de recherche utilises) 



C. DOCUMENTS CONSIDERES COMME PERTINENTS 



Categorie ' 



Identification des documents cites, avec, le cas echeant, r indication des passages pertinents 



no. des revendications visees 



LEE S. Y. ET CHANG H. N.: "High cell 
density cultivation of Escherichia coli W 
using sucrose as a carbon source" 
BIOTECHNOLOGY LETTERS, 
vol. 15, no. 9, septembre 1993 (1993-09), 
pages 971-974, XP002094347 
cite dans la demande 
le document en entier 



1-4, 

7-10,16, 
17 



5,6, 
14-20 



Voir la suite du cadre C pour la fin de la liste des documents 



Les documents de families de brevets sont indiquea en annexe 



° Categories speciales de documents cites: 

*A" document definissant Tetat general de la technique, non 

considere com me particulierement pertinent 
"E" document anterieur, mais publie a la date de depdt international 

ou apres cette date 
"L" document pouvant jeter^m doute sur une revendication de 

pnorrte ou cite pour determiner la date de publication d'une 

autre citation ou pour une raison speciale (telle qu'indiquee) 
"O" document se referant a une divulgation orale, a un usage, a 

une exposition ou tous autres moyens 

"P" document publie avant ta date de depdt international, mais 
posterieurement a la date de priorite revendiquee 



*T" document ufterieur publie apres la date de depot international ou la 
date de priorite et n'appartenenant pas a Petat de la 
technique pertinent, mais cite pour comprendre le principe 
ou la theorie constituant la base de r invention 

"X' document particulierement pertinent; l'inven tion revendiquee ne peut 
etre consideree comme nouvelle ou com me impliquant une activite 
inventive par rapport au document considere isolement 

"Y" document particulierement pertinent; l'inven tion revendiquee 

ne peut etre consideree comme impliquant une activite inventive 
lorsque le document est associe a un ou ptusieurs autres 
documents de me me natu.re, cette combinaison etant evidente 
pour une person ne du metier 
document qui fait partie de la meme famille de brevets 



Date a laquelle la recherche intemationale a ete effectivement achevee 



5 octobre 1999 



Date ©"expedition du present rapport de recherche intemationale 



0 5. 11. 99 



Nom et adresse postale de radministration chargee de la recherche intemationale 
Office Europeen des Brevets, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Fonctionnaire autorise 
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Y 


EP 0 596 812 A (RHONE-POULENC CHIMIE (FR); 
PETRE D; CERBELAUD E; LEVY-SCHIL S; 
CROUZET) 11 mai 1994 (1994-05-11) 
cite dans la demande 
abrege 

page 3, ligne 20-24 

page 11, ligne 24-46 

page 12, ligne 44,45 

page 13; tableau 4 

page 25 -page 28; revendi cations 


5,6, 
14-20 


X 


LEE J. ET AL.: "Fed-batch culture of 

Escherichia coli W by exponential feeding 

of sucrose as a carbon source" 

BIOTECHNOLOGY TECHNIQUES, 

vol. 11, no. 1, janvier 1997 (1997-01), 

pages 59-62, XP002094348 

le document en entier 


1-4,7-10 


X 


EP 0 496 993 A (ANTIBIOTICOS S.P.A. (IT); 

CAMBIAGHI S.; TOMASELLI S.; VERGA R.) 

5 aout 1992 (1992-08-05) 

page 7, ligne 8-22 

page 8, ligne 30 -page 9, ligne 12 

page 13, ligne 38 -page 15, ligne 32; 

exemple 9 

page 21; revendi cation 4 


1-4,7, 
10-13, 
16,17 


X 


W0 90 02193 A (UNIVERSITY OF FLORIDA (US); 

INGRAM L.O.; CONWAY T.; ALTERTHUM F.) 

8 mars 1990 (1990-03-08) 

page 6, ligne 29-36 

page 18, ligne 7-21; exemple 8 

page 19, ligne 42 -page 23 

page 26 -page 28; revendi cations 


1-4, 

7-13,16, 
17 


X 


US 5 354 667 A (ANTIBIOTICOS S.P.A. (IT); 
CROUX C; PEREZ JC; FUENTES J LB; MALDONADO 
FS) 11 octobre 1994 (1994-10-11) 
colonne 6, ligne 4-11 
colonne 7; tableau 1 
colonne 8, ligne 49-59 


1-4,7, 
10-14, 
16,17,19 


X 


EP 0 670 370 A (AJINOMOTO CO. INC. (JP); 
0N0 E.; TSUJIMOTO N.; MATSUI K. ; KURAHASHI 
0.) 6 septembre 1995 (1995-09-06) 
page 3, ligne 58 -page 5, ligne 9 


1-4,7, 
10-14, 
16,17,19 


A 


WO 98 18941 A (RHONE-POULENC NUTRITION 
ANIMALE (FR); FAVRE-BULLE 0; PIERRARD J ET 
AL.) 7 mai 1998 (1998-05-07) 
abrege 

payc u, a I I ilea £ 

page 21, ligne 10 -page 26, ligne 15; 
exemples 4,5 

-/-- 


5,6,14, 
18 
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tande Internationale No 
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Categorie ° Identification des documents cites, avec,le cas echeant, Indication des passages pertinents 



no. des revindications visees 



WO 90 02800 A (FARMITALIA CARLO ERBA SRL 
(IT); BERG0NZ0NI; ISACCHI; SARMIENT0S; 
CAUET) 22 mars 1990 (1990-03-22) 
figure 7 

CHEMICAL ABSTRACTS, vol. 71, no. 21, 
24 novembre 1969 (1969-11-24) 
Columbus, Ohio, US; 
abstract no. 100408, 
DEVCIC, BRANKA ET AL: "Effect of some 
factors on the growth and penicillin 
acylase activity of Escherichia coli ATCC 
9637" 

XP002117599 
abrege 

& MIKR0BI0L0GIJA (1968), 5(2), 189-96, 
1968, 

FR 2 128 587 A (ASAHI KASEI K0GY0 K.K. 
(JP)) 20 octobre 1972 (1972-10-20) 
page 7, ligne 38 -page 8, ligne 35; 
exemple 2 

US 5 000 000 A (UNIVERSITY OF FLORIDA 
(US); INGRAM L.0; CONWAY T. ; ALTERTHUM F.) 
19 mars 1991 (1991-03-19) 
colonne 16; exemple 8 

US 4 246 346 A (AKTI EB0LAGET FERMENTA 
(SE); LARSSON P.-O.; MOSBACH K.H.; OHLSON 
S.A.) 20 janvier 1981 (1981-01-20) 
colonne 2, ligne 59 -colonne 3, ligne 20 



15,20 
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11-13 



11-13 



11-13 
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TRAITE^E COOPERATION EN M ATI EKE CE BREVETS 
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PCT 



RAPPORT D' EXAM EN PRELIMINAIRE INTERNATIONAL 

(article 36 et regie 70 du PCT) 



f 



Reference du dossier du deposant ou du 

mandataire 

PH 98032 PCT 



voir la notification de transmission du rapport d'examen 
POUR SUITE A DONNER preliminaire international (formutaire PCT/IPEA/416) 



Demande internationale n° 
PCT/FR99/01343 



Date du depot international Qour/mois/ann6e) 
08/06/1999 



Date de priority (jour/mois/ann6o) 
10/06/1998 



Classification internationale des brevets (CIB) ou a la fois classification nationale et CIB 
C12N 15/55 



Deposant 

RHONE-POULENC NUTRITION ANIMALE et al. 



1 . Le present rapport d'examen preliminaire international, etabli par I'administaration chargee de I'examen preliminair 
international, est transmis au deposant conformement a I'article 36. 

2. Ce RAPPORT comprend 1 1 teuilles, y compris la presente feuille de couverture. 

□ II est accompagne d'ANNEXES, c'est-a-dire de feuilles de la description, des revendications ou des dessins qui ont 
ete modifiees et qui servent de base au present rapport ou de feuilles contenant des rectifications faites aupres d 
I'administration chargee de I'examen preliminaire international (voir la regie 70.16 et I'instruction 607 des Instructions 
administratives du PCT). 

Ces annexes comprennent feuilles. 



3. Le present rapport contient des indications relatives aux points suivants: 

I K Base du rapport 
Priorite 

Absence de formulation d'opinion quant a la nouveaute, I'activite inventive et la possibilite 
d'application industrielle 

Absence d'unite de I'invention 

Declaration motivee selon rarticle 35(2) quant a la nouveaute, I'activite inventive et la possibilite 
d'application industrielle; citations et explications a I'appui de cette declaration 

Certains documents cites 

Irregularis dans la demande internationale 

Observations relatives a la demande internationale 



II 


□ 


III 


□ 


IV 




V 




VI 


□ 


VII 




VIII 


S 



Date de presentation de la demande d'examen preliminaire 
internationale 

06/01/2000 



Date d'achevement du present rapport 
19.09.2000 



Nom et adresse postale de I'adnriinistration chargee de 
I'examen preliminaire international: 
Office europeen des brevets 

D-80298 Munich 
Tel. +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 



Fonctionnaire autorise 

Surdej, P 

N° de telephone +49 89 2399 7334 
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Demande intemationale n° PCT/FR99/01 343 



I. Base du rapport 

1 . Ce rapport a ete redige sur la base des elements ci-apres (les feuilles de remplacement qui ont ete remises a 
I'office recepteur en reponse a une invitation faite conformement a I'article 14 sont considerees, dans le present 
rapport, comme "initialement deposees" etne sont pas jointes en annexe au rapport puisqu'elles ne contiennent 
pas de modifications.) : 

Description, pages: 

1 -27 version initiale 

Revendications, N°: 

1-20 version initiale 

Dessins, feuilles: 

1/4-4/4 version initiale 

2. Les modifications ont entraine I'annulation : 

□ de la description, pages : 

□ des revendications, n os : 

□ des dessins, feuilles : 

3. □ Le present rapport a ete formule abstraction faite (de certaines) des modifications, qui ont ete considerees 

comme allant au-dela de I'expose de I'invention tel qu'il a ete depose, comme il est indique ci-apres 
(regie 70.2(c)) : 

4. Observations complementaires, le cas echeant : 
IV. Absence d'unite de I'invention 

1 . En reponse a I'invitation a limiter les revendications ou a payer des taxes additionnelles, le deposant a 

□ limite les revendications. 

□ pay6 des taxes additionnelles. 

□ paye des tax s additionnelles sous reserve. 
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□ ni limite les revendications ni paye des taxes additionnelles. 

2. H L'administration chargee de I'examen preliminaire international estime qu'il n'est pas satisfait a I'exigence 

d'unite d'invention et decide, conformement a la regie 68.1 , de ne pas inviter le deposant a limiter les 
revendications ou a payer des taxes additionnelles. 

3. L'administration chargee de I'examen preliminaire international estime que, aux termes des regies 13.1 ,13.2 e 
13.3, 

□ il est satisfait a I'exigence d'unite de Pinvention. 

G3 il n'est pas satisfait a I'exigence d'unite de I'invention, et ce pour les raisons suivantes : 
voir feuille separee 

4. En consequence, les parties suivantes de la demande intemationaie ont fait I'objet d'un examen preliminaire 
international lors de la formulation du present rapport : 

K toutes les parties de la demande. 

□ les parties relatives aux revendications n os . 



V. Declaration motivee selon l article 35(2) quant a la nouveaute, l activite inventive et la possibility 
d'application industrielle; citations et explications a I'appui de cette declaration 

1. Declaration 



Nouveaute 


Oui : 


Revendications 


5-6,9,12-15,18-20 




Non : 


Revendications 


1-4,7-8,10-11,16-17 


Activite inventive 


Oui : 


Revendications 






Non : 


Revendications 


1-20 


Possibility d'application industrielle 


Oui : 


Revendications 


1-20 




Non : 


Revendications 





2. Citations et explications 
voir feuille separee 

VII. Irregularis dans la demande Internationale 

Les irregularites suivantes, concemant la forme ou le contenu de la demande intemationaie, ont 6Xe constatees : 
voir feuille s paree 
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VIII. Observations relativ salad mande int rnationale 

Les observations suivantes sont faites au sujet de la clarte des revendications, de la description et des dessins 
et de la question de savoir si les revendications se fondent entierement sur la description : 

voir feu i He separee 
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II est fait reference aux documents suivants: 



D1 : LEE S. Y. ET CHANG H. N.: 'High cell density cultivation of Escherichia coli 
W using sucrose as a carbon source' BIOTECHNOLOGY LETTERS, vol. 15, no. 
9, septembre 1993 (1993-09), pages 971-974, cite dans la demande 
D2: EP-A-0 596 812 (RHONE-POULENC CHIMIE (FR); PETRE D; CERBELAUD 
E; LEVY-SCHIL S; CROUZET) 11 mai 1994 (1994-05-11) cite dans la demande 
D3: LEE J. ET AL.: 'Fed-batch culture of Escherichia coli W by exponential 
feeding of sucrose as a carbon source' BIOTECHNOLOGY TECHNIQUES, vol. 
11, no. 1, janvier 1997 (1997-01), pages 59-62 

D4: EP-A-0 496 993 (ANTIBIOTICOS S.P.A. (IT); CAMBIAGHI S.; TOMASELLI 
S.; VERGA R.) 5 aout 1992 (1992-08-05) 

D5: WO 90 02193 A (UNIVERSITY OF FLORIDA (US); INGRAM L.O.; CONWAY 
T.; ALTERTHUM F.) 8 mars 1990 (1990-03-08) 

D6: WO 98 18941 A (RHONE-POULENC NUTRITION ANIMALE (FR); FAVRE- 

BULLE O; PIERRARD J ET AL.) 7 mai 1998 (1998-05-07) 

D7: WO 90 02800 A (FARMITALIA CARLO ERBA SRL (IT); BERGONZONI; 

ISACCHI; SARMIENTOS; CAUET) 22 mars 1990 (1990-03-22) 

D8: CHEMICAL ABSTRACTS, vol. 71, no. 21 , 24 novembre 1969 (1969-11-24) 

Columbus, Ohio, US; abstract no. 100408, DEVCIC, BRANKA ET AL: 'Effect of 

some factors on the growth and penicillin acylase activity of Escherichia coli ATCC 

9637' & MIKROBIOLOGIJA (1968), 5(2), 189-96, 1968, 

D9: FR-A-2 128 587 (ASAHI KASEI KOGYO K.K. (JP)) 20 octobre 1972 (1972- 
10-20) 

D10: US-A-5 000 000 (UNIVERSITY OF FLORIDA (US); INGRAM L.O; 

CONWAY T.; ALTERTHUM F.) 19 mars 1991 (1991-03-19) 

D1 1 : US-A-5 354 667 (ANTIBIOTICOS S.P.A. (IT); CROUX C; PEREZ JC; 

FUENTES JLB; MALDONADO FS) 1 1 octobre 1994 (1994-10-1 1) 

D12: US-A-4 246 346 ( AKT I E BO LAG ET FERMENTA (SE); LARSSON P.-O.; 

MOSBACH K.H.; OHLSON S.A.) 20 janvier 1981 (1981-01-20) 



Introduction 



La demande divulgue un procede de preparation de proteines heterologues dans E.coli 
W et des souches correpondantes. 
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Concernant le point I 

Base de I'opinion 

Les pages 1-4 du listage des sequences no. 1-4 filed on 1 st July 1999 ne font pas partie 
de la demande (regie 13ter. 1 f) PCT). 

Concernant le point IV 

Absence d'unite de I'invention 

Les revendications 1-18 concernent un procede industriel de preparation de 
proteine heterologues dans une souche E.coli W. Les revendications 19-20 
concernent une souche E.coli W, caracterisee en ce qu'elle comprend un systeme 
d'expression de proteines heterologues dont le promoteur est le promoteur P trp . 
Les revendications independantes 1 et 19 ne sont pas liees entre elles de telle 
sorte qu'elles ne forment qu'un seul concept inventif general (regie 13.1 PCT), et 
ce pour les raisons suivantes: 

Les caracteristiques techniques de ces revendications, a savoir une souche E.coli 
W et un systeme d'expression de proteines heterologues ainsi que leur 
combinaison (voir point V 2), sont deja connus et n'impliquent pas d'activite 
inventive. L'exigence d'unite de I'invention (regie 13.1 PCT) n'est done pas 
observee, dans la mesure ou il n'existe pas entre les revendications 
independantes de relation technique portant sur un ou plusieurs "elements 
techniques particuliers" au sens de la regie 13.2 PCT. 

Concernant le point V 

Declaration motivee selon Particle 35(2) quant a la nouveaute, t'activite inventive et la 
possibility d'appltcation industrielle; citations et explications a I'appui de cette 
declaration 

2) Nouveaute fArt. 33.1 et 2) 

Les revendications 1-3 ne sont pas nouvelles si Ton considere le document D4. 
Un systeme d'expression de proteine heterologue (la GI-7-ACA cyclase) est utilise 
dans la souche E.coli W ATCC 9637 (Exemple 9, page14, lignes 26-27 et 51 et 
revendication 4). De plus, un derive de la souche E.coli W ATCC 9637 est obtenu 
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par selection donate et manipulation genetique (page 14, lignes 49-50). 

La revendication 4 n'est pas nouvelle a la lumiere de D4. Une forte teneur en 
proteines heterologues (page 15, ligne 4) et une forte densite en biomasse (page 
15, lignes 29-32) sont produites. 

Les revendications 7-8 ne sont pas nouvelles puisque le document D4 mentionne 
I'utilisation de saccharose pour preparer le milieu de culture (page 8, ligne 44). De 
plus, la souche E.coli W ATCC 9637 est bien connue pour sa capacite a utiliser le 
sucrose D5 (page 6, lignes 33-36), D1 (page 971, introduction), D10 (colonne 6, 
lignes 49- 53). 

Lorsque Ton considere D4, les revendications 10-11 ne sont pas nouvelles. En 
effet, des sources d'azote comme les extraits de levure sont mentionnees (page 
15, ligne 23). 

Les revendications 16-17 ne sont pas nouvelles car la GI-7-ACA acylase, decrite 
dans le document D4 est une enzyme (par exemple: page 9, ligne 16). 

3) Activite inventive (Art. 33.1 et 3) 

Les revendications 5-6 sont nouvelles mais elles ne sont pas inventives. En effet, 
le promoteur tryptophane est connu lorsque Ton considere I'etat de la technique 
anterieure (D2: page 1 1 , ligne 24 et D6: page 25, ligne 5), et dans ces cas, le 
tryptophane est ajoute au milieu (D2: pagel 1 , ligne 42 et D6: page 25, ligne 1 1 ). 
Les quantites de tryptophane ajoutees sont habituellement de 0,1 g/l. Comme il 
n'est pas mentionne dans la description que les concentrations de tryptophane 
donnees dans la revendication 6 presente un avantage quelconque, cette 
revendication ne presente done pas d'activite inventive. 

La revendication 9 semble etre nouvelle puisque le document D4 ne mentionne 
pas de quantite specifique mais elle n'est pas inventive puisque les documents 
D1, D3 et D5 indiquent les quantites, respectivement 20 g/l (page 972, materials 
and methods), 15 g/l (materials and methods) et 2% (page 19, ligne 43), ajoutees 
au milieu de culture de E.coli W ATCC 9637. 
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Les revendications 12-13 sont nouvelles mais ne presentent pas d'activite 
inventive puisque les proteines de viande ou les peptones sont envisages tres 
souvent comme alternatives a d'autres sources d'azote (D11: colonne 8, ligne 53, 
D9: page 7, ligne 15, D12: colonne 3, ligne 16 et table II). En particulier dans D8, 
la souche E.coli W ATCC 9637 a une croissance augmentee en presence de 
peptones. De plus, les intervalles de concentration donnes dans la revendication 
12 sont suffisamment larges pour etre couverts par les sources communes 
d'azote organiques comme les peptones, les extraits de levure, etc... 

Les revendications 14-15 et 19-20 sont nouvelles mais ne component pas 
d'activite inventive car le document D7 (page 13, paragraphe 3) decrit une 
sequence qui est a 93,4% identique a celle decrite dans I'application. En 
particulier, les sequences du promoteur P lrp et du site de fixation du ribosome du 
gene ell du phage semblent entierement conservees. La combinaison du 
promoteur Ptrp avec la souche E.coli W est done evidente a la lumiere des 
documents D4 et D7. 

La revendication 18 est nouvelle mais elle ne montre pas d'activite inventive 
lorsque Ton constdere D2 et D6 en combinaison avec D4. Les documents D2 
(page 11, ligne 24) et D6 (page 25, ligne 5) conceme I'expression de nitrilase 
sous controle du promoteur tryptophane dans E.coli TG1 (D2: exemple 5) et 
DH5ct (D6: exemple 5). Le choix de la souche E.coli W ATCC 9637 est evident 
puisque cette souche peut utiliser le sucrose. En particulier, si I'on considere que 
la souche E.coli W ATCC 9637 est bien connue pour sa capacite a utiliser le 
sucrose D5 (page 6, lignes 33-36), D1 (page 971, introduction), D10 (colonne 6, 
lignes 49-53) alors que d'autres souches de E.coli couramment utilisees ne le 
peuvent pas (par exemple voir le document D5: page 20, ligne 9). 

Concernant le point VII 

Irregularites dans la demande intemationale 

a) Contrairement a ce qu'exige la regie 5.1 a) ii) PCT, la description n'indique pas 
I'etat de la technique anterieure pertinent expose dans les documents D3-D5, D7- 
D1 2 et ne cite pas ces documents. 
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b) La definition de I'expression "proteine heterologue" n'est pas claire. En effet, la 
phrase page 7 ligne 31-33 "ou bien encore d'une proteine produite 
naturellement... regulation distincts de ceux du systeme d'expression selon 
I'invention" est en contradiction avec la phrase page 7, lignes 25-27 "Par proteine 
heterologue, on entend..." qui affirme qu'une proteine heterologue est une 
proteine qui ne se trouve pas naturellement dans E.coli W. De plus, si I'expression 
de la proteine heterologue est controlee par des elements de regulation distincts 
de ceux du systeme d'expression selon I'invention, la description va au-dela de ce 
qui est revendique (Art. 5 PCT). 

c) La phrase page 7, lignes 22-24 "les genes dont la coexpression favorise...sont 
compris dans le systeme d'expression selon I'invention" semble suggerer que la 
description va au-dela des revendications en introduisant une caracteristique pas 
suffisamment definie, ce qui rend la description obscure (Art. 5 PCT) 

d) Dans la description, concernant les documents "demande CIP No 08/194,588" 
(page 7, ligne 13) et "demande FR96/13077" (page 9, lignes 29-31), il n'est pas 
clair a quels documents le deposant fait reference. En consequences, certaines 
caracteristiques de I'invention ne sont pas claires et il ne peut pas etre determine 
si I'invention peut etre executee par un homme du metier (Art. 5 PCT) 

e) Les phrases page 10, ligne 22 "Des cultures d'expression ont ete realisees 
comme decrit dans I'exemple 5..." et page 10, ligne 27 "Les mesures d'activite 
nitrilasique...comme decrit..." se referent a d'autres documents pour les conditions 
de culture et les mesures d'activite nitrilasique. De meme, la phrase page 12, 
ligne 2 "les mesures d'activite polyamide hydrolase. ..comme decrit dans la 
demande WO 97/04083..." se refere a un autre document pour les mesures 
d'activite polyamide hydrolase. La demande devant etre comprehensible par elle- 
meme, les conditions ne peuvent pas etre introduites par reference, elles doivent 
etre specif iees (Art. 5 PCT). 

f) Certains plasmides par exemple pXL2035 (page 10, ligne 19), pRPG9 et pSL301 
(Exemple 11, pages 20-21), pRPA-BCAT37 (page 23, ligne 25), RSF1010D20 
(page 23, ligne 27) ne sont decrits que par reference a d'autres documents. Les 
plasmides ne sont pas suffisamment decrits pour que la demande soit 
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comprehensible par elle-meme (Art. 5 PCT). 

g) Le tableau 6 (page 22) compare deux souches differentes: DH5a et W. II n'est 
done pas clair comment I'utilisation du locus cer peut ameliorer la productivity (Art. 
5 PCT). 

h) La souche L21 n'est pas definie, ce qui rend la description obscure (Art. 5 PCT) 

i) les expressions "de preference" dans les revendications 5 et 9 . indiquent que, 
respectivement, les caracteristiques "entre 0,1 et 0,3 g/l" et "entre 0,5 et 200 g/l" 
sont entierement facultatives. De meme, I'expression "en particulier", dans la 
revendication 13, indique que la caracteristique "les derives de proteines de 
pomme de terre" est entierement facultative (Directives concernant I'examen 
preliminaire international III 4.6 PCT). 

j) L'expression "additifs appropries" dans le paragraphe 2, page 6 n'est pas claire 
parce que n'importe quel additif peut etre considere, cela rend I'etendue de 
I'invention mal definie (Art. 5 PCT). 

k) Si par exemple polymerase pfu (page 23, lignes 18-19) et Quiaex (page25 ligne 
18) sont des marques deposees, le fait qu'elles ne soient pas reconnues comme 
telles rend la description obscure (Directives concernant I'examen preliminaire 
international II 4.16 PCT). 

I) L'abreviation HMTBA (tableau 1 , page 1 1 ) n'est pas definie dans la description, ce 
qui rend cette derniere obscure (Art. 5 PCT). 

m) Les termes "reoresente" (page8 ligne 31 ), D20 (page9 ligne 6), "est" (page 6 ligne 
32), figure 2 (page26 ligne 16), "contant" (page9 ligne 27) ne sont pas clairs et 
rendent la description obscure (Art. 5 PCT). 

Concernant le point VIII 

Observations relatives a la demande internationale 

a) II ressort clairement de la description et de la revendication 19 que I'utilisation 
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d'un promoteur P trp est essentielle a la definition de I'invention. La revendication 
independante 1 , ne contenant pas cette caracteristique, ne remplit pas la 
condition visee a Particle 6 PCT en combinaison avec la regie 6.3 b) PCT, qui 
prevoient qu'une revendication independante doit contenir toutes les 
caracteristiques techniques essentielles a la definition de I'invention. 

b) Dans la revendication 14 et dans la description (par exemple: page 7, ligne 6) le 
promoteur P trp n'est pas defini. L'origine du promoteur n'etant pas specifiee, la 
revendication 14 et la description ne sont pas claires (Art. 5 et 6 PCT). 

c) Dans la revendication 4 le terme "forte" utilise dans la revendication ayant un sens 
relatif, il laisse planer un doute quant a la signification des caracteristiques 
techniques auxquelles il se refere. L'objet de ladite revendication n'est done pas 
clairement defini (article 6 et Directives concernant I'examen preliminaire 
international III 4.5a PCT). 
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1 . Le present rapport d'examen preliminaire international, etabli par I'administaration chargee de I'examen preliminaire 
international, est transmis au deposant conformement a l'article 36. 

2. Ce RAPPORT comprend 1 1 feuilles, y compris la presente feuille de couverture. 

□ II est accompagne d'ANNEXES, c'est-a-dire de feuilles de la description, des revendications ou des dessins qui ont 
ete modifiees et qui servent de base au present rapport ou de feuilles contenant des rectifications faites aupres de 
I'administration chargee de I'examen preliminaire international (voir la regie 70.16 et I'instruction 607 des Instructions 
administratives du PCT). 

Ces annexes comprennent feuilles. 



3. Le present rapport contient des indications relatives aux points suivants: 



I 




Base du rapport 


II 


□ 


Priorite 


111 


□ 


Absence de formulation d'opinion quant a la nouveaute, I'activite inventive et la possibilite 
d'application industrielle 


IV 




Absence d'unite de I'invention 


V 




Declaration motivee selon Particle 35(2) quant a la nouveaute, I'activite inventive et la possibilite 
d'application industrielle; citations et explications a I'appui de cette declaration 


VI 


□ 


Certains documents cites 


VII 




Irregularites dans la demande internationale 


VIII 




Observations relatives a la demande internationale 



Date de presentation de la demande d'examen preliminaire 
internationale 

06/01/2000 


Date d'achevement du present rapport 
19.09.2000 


Nom et adresse postale de I'administration chargee de 


Fonctionnaire autoris^ ^^3o^s^ 


rexamen~j3r6limi naire in tarnation al : 

^ Office europeen des brevets 
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I. Bas du rapport 

1 . Ce rapport a ete redige sur la base des elements ci-apres (les feuilles de remplacement qui ont ete remises a 
I'office recepteur en reponse a une invitation faite conformement a I'article 14 sont considerees, dans le present 
rapport, comme "initialement deposees" et ne sont pas jointes en annexe au rapport puisqu'efies ne contiennent 
pas de modifications.) : 

Description, pages: 

1-27 version initiale 

Revendications, N°: 

1 -20 version initiale 

Dessins, feuilles: 

1/4-4/4 version initiale 

2. Les modifications ont entraine I'annulation : 

□ de la description, pages : 

□ des revendications, n os : 

. □ des dessins, feuilles : 

3. □ Le present rapport a ete formule abstraction faite (de certaines) des modifications, qui ont ete considerees 

comme allant au-dela de I'expose de invention tel qu'il a ete depose, comme il est indique ci-apres 
(regie 70.2(c)) : 

4. Observations complementaires, le cas echeant : 
IV. Absence d'unite de I'invention 

1 . En reponse a I'invitation a Jimiter les revendications ou a payer des taxes additionnelles, le deposant a 

□ limite les revendications. 

□ paye des taxes additionnelles. 

□ paye des taxes ad ditionnelles sous res erve. 
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□ ni limite les revendications ni paye des taxes additionnelles. 

2. ISI L'administration chargee de I'examen preliminaire international estime qu'il n'est pas satisfait a I'exigence 

d'unite d'invention et decide, conformement a la regie 68.1 , de ne pas inviter le deposant a limiter les 
revendications ou a payer des taxes additionnelles. 

3. L'administration chargee de I'examen preliminaire international estime que, aux termes des regies 13.1 ,13.2 et 
13.3, 

□ il est satisfait a I'exigence d'unite de ['invention. 

il n'est pas satisfait a ('exigence d'unite de ('invention, et ce pour les raisons suivantes : 
voir feuille separee 

4. En consequence, les parlies suivantes de la demande internationale ont fait I'objet d'un examen preliminaire 
international lors de la formulation du present rapport : 

toutes les parties de la demande. 

□ les parties relatives aux revendications n os . 



V. Declaration motivee selon I'article 35(2) quant a la nouveaute, I'activite inventive et la possibilite 
d'application industrielle; citations et explications a I'appui de cette declaration 

1 ... Declaration 



Nouveaute 


Oui : 


Revendications 


5-6,9,12-15,18-20 




Non : 


Revendications 


1-4,7-8,10-11,16-17 


Activite inventive 


Oui : 


Revendications 






Non : 


Revendications 


1-20 


Possibilite d'application industrielle 


Oui : 


Revendications 


1-20 




Non : 


Revendications 





2. Citations et explications 
voir feuille separee 



VII. Irregularites dans la demande internationale 

Les irregularites suivantes, concemant la forme ou le contenu de la demande internationale, ont ete constatees : 
voir feuille separee 



i 

i 

-t- 

i 

i 

i 

! 
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VIII. Obs rvations r latives a la d mand internationale 

Les observations suivantes sont faites au sujet de la clarte des revendications, de la description et des dessins 
et de la question de savoir si les revendications se fondent enti&rement sur la description : 

voir feuille separee 
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II est fait reference aux documents suivants: 

D1 : LEE S. Y. ET CHANG H. N.: 'High cell density cultivation of Escherichia coli 
W using sucrose as a carbon source' BIOTECHNOLOGY LETTERS, vol. 15, no. 
9, septembre 1993 (1993-09), pages 971-974, cite dans la demande 
D2: EP-A-0 596 812 (RHONE-POULENC CHIMIE (FR); PETRE D; CERBELAUD 
E; LEVY-SCHIL S; CROUZET) 11 mai 1994 (1994-05-1 1 ) cite dans la demande 
D3: LEE J. ET AL.: 'Fed-batch culture of Escherichia coli W by exponential 
feeding of sucrose as a carbon source' BIOTECHNOLOGY TECHNIQUES, vol. 
11, no. 1, janvier 1997 (1997-01), pages 59-62 

D4: EP-A-0 496 993 (ANTIBIOTICOS S.P.A. (IT); CAMBIAGHI S.; TOMASELLI 
S.; VERGA R.) 5 aout 1992 (1992-08-05) 

D5: WO 90 02193 A (UNIVERSITY OF FLORIDA (US); INGRAM L.O.; CONWAY 
T.; ALTERTHUM F.) 8 mars 1990 (1990-03-08) 

D6: WO 98 18941 A (RHONE-POULENC NUTRITION ANIMALE (FR); FAVRE- 

BULLE O; PIERRARD J ET AL.) 7 mai 1998 (1998-05-07) 

D7: WO 90 02800 A (FARMITALIA CARLO ERBA SRL (IT); BERGONZONI; 

ISACCHI; SARMIENTOS; CAUET) 22 mars 1990 (1990-03-22) 

D8: CHEMICAL ABSTRACTS, vol. 71, no. 21, 24 novembre 1969 (1969-1 1-24) 

Columbus, Ohio, US; abstract no. 100408, DEVCIC, BRANKA ET AL: 'Effect of 

some factors on the growth and penicillin acylase activity of Escherichia coli ATCC 

9637' & MIKROBIOLOGIJA (1968), 5(2), 189-96, 1968, 

D9: FR-A-2 128 587 (AS AH I KASEI KOGYO K.K. (JP)) 20 octobre 1972 (1972- 
1 0-20) 

D10: US-A-5 000 000 (UNIVERSITY OF FLORIDA (US); INGRAM L.O; 

CONWAY T.; ALTERTHUM F.) 19 mars 1991 (1991-03-19) 

D1 1 : US-A-5 354 667 (ANTIBIOTICOS S.P.A. (IT); CROUX C; PEREZ JC; 

FUENTES JLB; MALDONADO FS) 11 octobre 1994 (1994-10-11) 

D1 2: US-A-4 246 346 (AKTIEBOLAGET FERMENTA (SE); LARSSON P.-O.; 

MOSBACH K.H.; OHLSON S.A.) 20 janvier 1981 (1981-01-20) 



Introduction 

La demande divulgue un procede de preparation de proteines heterologues dans E.coli 
W et des souches correpondantes. 
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Concernant le point I 

Base de I'opinion 

Les pages 1-4 du listage des sequences no. 1-4 filed on 1 st July 1999 ne font pas partie 
de la demande (regie 13ter. 1 f) PCT). 

Concernant le point IV 

Absence d'unite de I'invention 

Les revendications 1-18 concernent un procede industriel de preparation de 
proteine heterologues dans une souche E.coli W. Les revendications 19-20 
concernent une souche E.coli W, caracterisee en ce qu'elle comprend un systeme 
d'expression de proteines heterologues dont le promoteur est le promoteur P trp . 
Les revendications independantes 1 et 19 ne sont pas liees entre elles de telle 
sorte qu'elles ne forment qu'un seul concept inventif general (regie 13.1 PCT), et 
ce pour les raisons suivantes: 

Les caracteristiques techniques de ces revendications, a savoir une souche E.coli 
W et un systeme d'expression de proteines heterologues ainsi que leur 
combinaison (voir point V 2), sont deja connus et n'impliquent pas d'activite 
inventive. L'exigence d'unite de I'invention (regie 13.1 PCT) n'est done pas 
observee, dans la mesure ou il n'existe pas entre les revendications 
independantes de relation technique portant sur un ou plusieurs "elements 
techniques particuliers" au sens de la regie 13.2 PCT. 

Concernant le point V 

Declaration motivee selon I'article 35(2) quant a la nouveaute, I'activite inventive et la 
possibility d'application industrielle; citations et explications a I'appui de cette 
declaration 

2) Nouveaute (Art. 33.1 et 2) 

Les revendications 1-3 ne sont pas nouvelles si I'on considere le document D4. 
Un systeme d'expression de proteine heterologue (la GI-7-ACA cyclase) est utilise 
dans la souche E.coli W ATCC 9637 (Exemple 9, page14, lignes 26-27 et 51 et 
revendication 4). De plus, un derive de la souche E.coli W ATCC 9637 est obtenu 
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par selection clonale et manipulation genetique (page 14, lignes 49-50). 

La revendication 4 n'est pas nouvelle a la lumiere de D4. Une forte teneur en 
proteines heterologues (page 15, ligne 4) et une forte densite en biomasse (page 
15, lignes 29-32) sont produites. 

Les revendications 7-8 ne sont pas nouvelles puisque le document D4 mentionne 
('utilisation de saccharose pour preparer le milieu de culture (page 8, ligne 44). De 
plus, la souche E.coli W ATCC 9637 est bien connue pour sa capacite a utiliser le 
sucrose D5 (page 6, lignes 33-36), D1 (page 971, introduction), D10 (colonne 6, 
lignes 49- 53). 

Lorsque Ton considere D4, les revendications 10-1 1 ne sont pas nouvelles. En 
effet, des sources d'azote comme les extraits de levure sont mentionnees (page 
15, ligne 23). 

Les revendications 16-17 ne sont pas nouvelles car la GI-7-ACA acylase, decrite 
dans le document D4 est une enzyme (par exemple: page 9, ligne 16). 

3) Activite inventive (Art. 33.1 et 3) 

Les revendications 5-6 sont nouvelles mais elles ne sont pas inventives. En effet, 
le promoteur tryptophane est connu lorsque Ton considere I'etat de la technique 
anterieure (D2: page 11, ligne 24 et D6: page 25, ligne 5), et dans ces cas, le 
tryptophane est ajoute au milieu (D2: pagel 1, ligne 42 et D6: page 25, ligne 11). 
Les quantites de tryptophane ajoutees sont habituellement de 0,1 g/l. Comme il 
n'est pas mentionne dans la description que les concentrations de tryptophane 
donnees dans la revendication 6 presente un avantage quelconque, cette 
revendication ne presente done pas d'activite inventive. 

La revendication 9 semble etre nouvelle puisque le document D4 ne mentionne 
pas de quantite specifique mais elle n'est pas inventive puisque les documents 
D1, D3 et D5 indiquent les quantites, respectivement 20 g/l (page 972, materials 
and methods), 15 g/l (materials and methods) et 2% (page 19, ligne 43), ajoutees 
au milieu de culture de E.coli W ATCC 9637. 
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Les revendications 12-13 sont nouvelles mais ne presenters pas d'activite 
inventive puisque les proteines de viande ou les peptones sont envisages tres 
souvent comme alternatives a d'autres sources d'azote (D11: colonne 8, ligne 53, 
D9: page 7, ligne 15, D12: colonne 3, ligne 16 et table II). En particulier dans D8, 
la souche E.coli W ATCC 9637 a une croissance augmentee en presence de 
peptones. De plus, les intervalles de concentration donnes dans la revendication 
12 sont suffisamment larges pour etre couverts par les sources communes 
d'azote organiques comme les peptones, les extraits de levure, etc... 

Les revendications 14-15 et 19-20 sont nouvelles mais ne comportent pas 
d'activite inventive car le document D7 (page 13, paragraphe 3) decrit une 
sequence qui est a 93,4% identique a celle decrite dans I'application. En 
particulier, les sequences du promoteur P trp et du site de fixation du ribosome du 
gene ell du phage semblent entierement conservees. La combinaison du 
promoteur Ptrp avec la souche E.coli W est done evidente a la lumiere des 
documents D4 et D7. 

La revendication 18 est nouvelle mais elle ne montre pas d'activite inventive 
lorsque Ton considere D2 et D6 en combinaison avec D4. Les documents D2 
(page 11, ligne 24) et D6 (page 25, ligne 5) concerne I'expression de nitrilase 
sous controle du promoteur tryptophane dans E.coli TG1 (D2: exemple 5) et 
DH5oc (D6: exemple 5). Le choix de la souche E.coli W ATCC 9637 est evident 
puisque cette souche peut utiliser le sucrose. En particulier, si Ton considere que 
la souche E.coli W ATCC 9637 est bien connue pour sa capacite a utiliser le 
sucrose D5 (page 6, lignes 33-36), D1 (page 971, introduction), D10 (colonne 6, 
lignes 49-53) alors que d'autres souches de E.coli couramment utilisees ne le 
peuvent pas (par exemple voir le document D5: page 20, ligne 9). 

Concernant le point VII 

Irregularis dans la demande internationale 

a) Contrairement a ce qu'exige la regie 5.1 a) ii) PCT, la description n'indique pas 
Petat de la technique anterieure pertinent expose dans les documents D3-D5, D7- 
D12 et ne cite pas ces documents. 
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b) La definition de ['expression "proteine heterologue" n'est pas claire. En effet, la 
phrase page 7 ligne 31-33 "ou bien encore d'une proteine produite 
naturellement... regulation distincts de ceux du systeme d'expression selon 
I'invention" est en contradiction avec la phrase page 7, lignes 25-27 "Par proteine 
heterologue, on entend..." qui affirme qu'une proteine heterologue est une 
proteine qui ne se trouve pas naturellement dans E.coli W. De plus, si 1'expression 
de la proteine heterologue est controlee par des elements de regulation distincts 
de ceux du systeme d'expression selon I'invention, la description va au-dela de ce 
qui est revendique (Art. 5 PCT). 

c) La phrase page 7, lignes 22-24 "les genes dont la coexpression favorise...sont 
compris dans le systeme d'expression selon I'invention" semble suggerer que la 
description va au-dela des revendications en introduisant une caracteristique pas 
suffisamment definie, ce qui rend la description obscure (Art. 5 PCT) 

d) Dans la description, concernant les documents "demande CIP No 08/194,588" 
(page 7, ligne 13) et "demande FR96/13077" (page 9, lignes 29-31), il n'est pas 
clair a quels documents le deposant fait reference. En consequences, certaines 
caracteristiques de I'invention ne sont pas claires et il ne peut pas etre determine 
si I'invention peut etre executee par un homme du metier (Art. 5 PCT) 

e) Les phrases page 10, ligne 22 "Des cultures d'expression ont ete realisees 
comme decrit dans I'exemple 5..." et page 10, ligne 27 "Les mesures d'activite 
nitrilasique...comme decrit..." se referent a d'autres documents pour les conditions 
de culture et les mesures d'activite nitrilasique. De meme, la phrase page 12, 
ligne 2 "les mesures d'activite polyamide hydrolase.. .comme decrit dans la 
demande WO 97/04083..." se refere a un autre document pour les mesures 
d'activite polyamide hydrolase. La demande devant etre comprehensible par elle- 
meme, les conditions ne peuvent pas etre introduites par reference, elles doivent 
etre specifies (Art. 5 PCT). 

f) Certains plasmides par exemple pXL2035 (page 10, ligne 19), pRPG9 et pSL301 
(Exemple 11, pages 20-21), pRPA-BCAT37 (page 23, ligne 25), RSF1010D20 
(page 23, ligne 27) ne sont decrits que par reference a d'autres documents. Les 
plasmides ne sont pas suffisamment decrits pour que la demande soit 
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comprehensible par elle-meme (Art. 5 PCT). 

g) Le tableau 6 (page 22) compare deux souches differentes: DH5a et W. II n'est 
done pas clair comment I'utilisation du locus cer peut ameliorer la productivity (Art. 
5 PCT). 

h) La souche L21 n'est pas definie, ce qui rend la description obscure (Art. 5 PCT) 

i) les expressions "de preference" dans les revendications 5 et 9 . indiquent que, 
respectivement, les caracteristiques "entre 0,1 et 0,3 g/l" et "entre 0,5 et 200 g/l" 
sont entierement facultatives. De meme, I'expression "en particulier", dans la 
revendication 13, indique que la caracteristique "les derives de proteines de 
pomme de terre" est entierement facultative (Directives concernant I'examen 
preliminaire international III 4.6 PCT). 

j) L'expression "additifs appropries" dans le paragraphe 2, page 6 n'est pas claire 
parce que n'importe quel additif peut etre considere, cela rend I'etendue de 
I'invention mal definie (Art. 5 PCT). 

k) Si par exemple polymerase pfu (page 23, lignes 18-19) et Quiaex (page25 ligne 
18) sont des marques deposees, le fait qu'elles ne soient pas reconnues comme 
telles rend la description obscure (Directives concernant I'examen preliminaire 
international II 4.16 PCT). 

I) L'abreviation HMTBA (tableau 1 , page 1 1 ) n'est pas definie dans la description, ce 
qui rend cette derniere obscure (Art. 5 PCT). 

m) Les termes "reoresente" (page8 ligne 31), D20 (page9 ligne 6), "est" (page 6 ligne 
32), figure 2 (page26 ligne 16), "contant" (page9 ligne 27) ne sont pas clairs et 
rendent la description obscure (Art. 5 PCT). 

Concernant le point VIII 

Observations relatives a la demande intemationale 

a) II ressort clairement de la description et de la revendication 19 que I'utilisation 
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d'un promoteur P lrp est essentielle a la definition de I'invention. La revendication 
independante 1, ne contenant pas cette caracteristique, ne remplit pas la 
condition visee a I'article 6 PCT en combinaison avec la regie 6.3 b) PCT, qui 
prevoient qu'une revendication independante doit contenir toutes les 
caracteristiques techniques essentielles a la definition de I'invention. 

b) Dans la revendication 14 et dans la description (par exemple: page 7, ligne 6) le 
promoteur P trp n'est pas defini. L'origine du promoteur n'etant pas specifiee, la 
revendication 14 et la description ne sont pas claires (Art. 5 et 6 PCT). 

c) Dans la revendication 4 le terme "forte" utilise dans la revendication ayant un sens 
relatif, il laisse planer un doute quant a la signification des caracteristiques 
techniques auxquelles il se refere. L'objet de ladite revendication n'est done pas 
clairement defini (article 6 et Directives concernant I'examen preliminaire 
international III 4.5a PCT). 
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any annexes) and will transmit such translation to those Offices. 
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The applicant must enter the national phase before each elected Office by performing certain acts (filing translations and paying 
national fees) within 30 months from the priority date (or later in some Offices) (Article 391) (see also the reminder sent by the 
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translation of any annexes to the International preliminary examination report. It is the applicant's responsibility to prepare and 
furnish such translation directly to each elected Office concerned. 
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This international preliminary examination report has been prepared by this International Preliminary Examining Authority and is 
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This REPORT consists of a total of 11 sheets including this title page. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have been 
amended and are the basis for this report and/or containing rectifications made before this Authority (see Rule 70.16 and 
Instruction 607 of Administrative Instructions of the PCT). 



These annexes consist of a total of 



sheets. 



This report contains indications relating to the following items: 

I ^ Basis of the report 

II □ Priority 

III □ Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

IV S Lack of unity of invention 

V S Reasoned statement according to Article 35(2) with regard to novelty, inventive step or industrial applicability; 

citations and explanations supporting such statement 

VI □ Certain documents cited 

VII El Certain defects in the international application 

VIII ^ Certain observations on the international application 
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I. Basis of the report 

1 . This report has been drawn up on the basis of the following elements (the replacement sheets received 
by the receiving office in response to an invitation according to Article 14 are considered in the present 
report as "originally filed" and are not annexed to the report as they contain no amendments.): 

Description, pages: 

1-27 as originally filed 

Claims, No.: 

1 -20 as originally filed 

Drawings, sheets: 

1/4-4/4 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ The present report has been established as if (some of) the amendments had not been made, since 

they have been considered to go beyond the disclosure as filed, as indicated as follows (Rule 
70.2(c)): 

4. Additional observations, if necessary: 



IV. Lack of unity of invention 

1. In response to the invitation to restrict or pay additional fees the applicant has: 

□ restricted the claims. 

□ paid additional fees. 

□ paid additional fees under protest. 
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□ neither restricted nor paid additional fees. 

2. ^ This Authority found that the requirement of unity of invention is not complied with and chose t 

according to Rule 68.1 , not to invite the applicant to restrict the claims or pay additional fees. 

3. This Authority found that, according to Rules 13.1, 13.2 and 13.3: 

□ the requirement of unity of invention is complied with. 

the requirement of unity of invention is not complied with, for the following reasons: 
see separate sheet 

4. Consequently, the following parts of the international application were the subject of international 
preliminary examination in establishing this report: 

E2I all parts. 

□ the parts relating to claims Nos. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1 . Statement 



Novelty 


Yes: 


Claims 


5-6,9,12-15,18-20 




No: 


Claims 


1-4,7-8,10-1 1,16-17 


Inventive Step 


Yes: 


Claims 






No: 


Claims 


1-20 


Industrial Applicability 


Yes: 


Claims 


1-20 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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VIII. Certain observations in the international application 

The following observations on the clarity of the claims, descriptions, and drawings or on the question whether 
the claims are fully supported by the description, are made: 

see separate sheet 
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Reference is made to the following documents: 
Dl: LEE S.Y. AND CHANG H.N.: 'High cell density 
cultivation of Escherichia coli W using sucrose as a 
carbon source' BIOTECHNOLOGY LETTERS, vol. 15, no. 9, 
September 1993 (1993-09), pages 971-974, cited in the 
application 

D2: EP-A-0 596 812 ( RHONE- POULENC CHIMIE (FR); PETRE D; 
CERBELAUD E ; LEVY-SCHIL S; CROUZET) 11 May 1994 (1994- 
05-11) cited in the application 

D3: LEE J. ET AL . : ^Fed-batch culture of Escherichia 
coli W by exponential feeding of sucrose as a carbon 
source' BIOTECHNOLOGY TECHNIQUES , vol. 11, no. 1, 
January 1997 (1997-01), pages 59-62 

D4: EP-A-0 496 993 ( ANTIBIOTICOS S.P.A. (IT); CAMBIAGHI 
S.; TOMASELLI S.; VERGA R.) 5 August 1992 (1992-08-05) 
D5: WO 90 02193 A (UNIVERSITY OF FLORIDA (US); INGRAM 
L.O.; CONWAY T . ; ALTERTHUM F.) 8 March 1990 (1990-03- 
08) 

D6: WO 98 18941 A ( RHONE- POULENC NUTRITION ANIMALE 
(FR) ; FAVRE-BULLE O; PIERRARD J ET AL . ) 7 May 1998 
(1998-05-07) 

D7: WO 90 02800 A (FARMITALIA CARLO ERBA SRL (IT); 
BERGONZONI; ISACCHI; SARMIENTOS; CAUET ) 22 March 1990 
(1990-03-22) 

D8: CHEMICAL ABSTRACTS, vol. 71, no. 21, 2 4 November 
1969 (1969-11-24) Columbus, Ohio, US; abstract no. 
100408, DEVCIC, BRANKA ET AL : 'Effect of some factors 
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on the growth and penicillin acylase activity of 
Escherichia coli ATCC 9637' & MIKROBIOLOGIJA (1968), 
5(2), 189-96, 1968, 

D9; FR-A-2 128 587 ( ASAHI KASEI KOGYO K.K. (JP) ) 20 
October 1972 (1972-10-20) 

D10; US-A-5 000 000 (UNIVERSITY OF FLORIDA (US); INGRAM 
L.O; CONWAY T . ; ALTERTHUM F.) 19 March 1991 (1991-03- 
19) 

Dll: US-A-5 354 667 ( ANTIBIOTICOS S.P.A. (IT); CROUX C ; 
PEREZ JC; FUENTES JLB ; MALDONADO FS ) 11 October 19 9 4 
(1994-10-11) 

D12: US-A-4 246 346 ( AKTIEBOLAGET FERMENTA (SE); 
LARS SON P.-O.; MOSBACH K.H.; OHLSON S.A.) 2 0 January 
1981 (1981-01-20) 



Introduction 

The application discloses a 
heterologous proteins in E. 
strains . 

With regard to point I 

Basis of the opinion 

Pages 1-4 of the listing of sequences nos . 1-4, filed 
on 1 st July 1999, do not form part of the application 
(rule 13b If) PCT) . 

Form PCT/Separate sheet/409 (sheet 2) (EPO-April 1997) 



process for preparing 
coli W and corresponding 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT - SEPARATE SHEET 



International application No. PCT/FR99/01343 



With regard to point IV 

Lack of unity of the invention 

Claims 1-18 relate to an industrial process for 
preparing heterologous proteins in an E.coli 
strain W. Claims 19-20 relate to an E. coli strain 
W, characterized in that it comprises a system for 
expressing heterologous proteins, in which the 
promoter is the P trp promoter. The independent 
claims 1 and 19 are not mutually linked in such a 
way that they form a single general inventive 
concept (rule 13.1 PCT) , this being for the 
following reasons : 

The technical characteristics of these claims, 
namely an E.coli strain W and a system for 
expressing heterologous proteins, and their 
combination (see point V2 ) , are already known and 
do not involve an inventive step. The demand for 
unity of the invention (rule 13.1 PCT) is not 
therefore observed, since no technical 
relationship relating to one or more "specific 
technical elements" in the sense of rule 13.2 PCT 
exists between the independent claims. 

With regard to point V 

Recent statement according to Article 35 (2) regarding 
the novelty, inventive step and industrial 
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applicability; citations and explanations supporting 
this statement 

2) Novelty (Art, 33.1 and 2) 

Claims 1-3 are not novel if document D4 is 
considered. A system for expressing a heterologous 
protein (GI-7-ACA acyclase) is used in the E. coli 
strain W ATCC 9637 (example 9, page 14, lines 26- 
27 and 51, and claim 4) . In addition, a derivative 
of the E. coli strain W ATCC 9637 is obtained by 
clonal selection and genetic manipulation (page 
14 , lines 49-50) . 

Claim 4 is not novel in light of D4. A high 
content of heterologous proteins (page 15, line 4) 
and a high density of biomass (page 15, lines 29- 
32) are produced. 

Claims 7-8 are not novel since document D4 
mentions the use of sucrose for preparing the 
culture medium (page 8, line 44). In addition, the 
E. coli strain W ATCC 9637 is well known for its 
capacity to use sucrose, D5 (page 6, lines 33-36), 
Dl (page 971, introduction), D10 (column 6, lines 
49-53) . 
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When D4 is considered claims 10-11 are not novel. 
Specifically, nitrogen sources such as yeast 
extracts are mentioned (page 15, line 23) . 

Claims 16-17 are not novel since GI-7-ACA 
acyclase, disclosed in document D4 , is an enzyme 
(for example: page 9, line 16). 

3 ) Inventive step (Art, 33 >1 and 3) 

Claims 5-6 are novel, but they are not inventive. 
Specifically, the tryptophan promoter is known 
when the state of the prior art is considered (D2: 
page 11, line 24 and D6 : page 25, line 5), and in 
these cases, the tryptophan is added to the medium 
(D2: page 11, line 42 and D6 : page 25, line 11). 
The amounts of tryptophan added are conventionally 
0.1 g/1. Since the description does not mention 
that the concentrations of tryptophan given in 
claim 6 present any advantage, this claim does 
not, therefore, have an inventive step. 

Claim 9 appears to be novel since document D4 does 
not. mention a specific amount, but it is not 
inventive since documents Dl , D3 and D5 give the 
amounts, 20 g/1 (page 972, materials and 
processes) , 15 g/1 (materials and processes) and 
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2% (page 19 , line 43), respectively, added to the 
culture medium for E. coli W ATCC 9637. 

Claims 12-13 are novel, but do not have an 
inventive step since meat proteins or peptones are 
very often envisaged as alternatives to other 
nitrogen sources (Dll: column 8, line 53, D9 : page 
7, line 15, D12 : column 3, line 16 and table II). 
In particular in D8 , the growth of the E. coli 
strain W ATCC 9637 is increased in the presence of 
peptones. In addition, the concentration ranges 
given in claim 12 are sufficiently broad to be 
covered by common organic nitrogen sources such as 
peptones, yeast extracts, etc. 

Claims 14-15 and 19-20 are novel, but do not 
contain an inventive step since document D7 (page 
13, paragraph 3) discloses a sequence which is 
93.4% identical to that described in the 
application. In particular, the sequences of the 
Ptrp promoter and of the ribosome binding site of 
the phage ell gene appear to be entirely 
conserved. The combination of the P tr p promoter 
with the E. coli strain W is, therefore, obvious 
in the light of documents D4 and D7 . 

Claim 18 is novel, but it shows no inventive step 
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when D2 and D6 are considered in combination with 
D4. Documents D2 (page 11, line 24) and D6 (page 
25, line 5) relate to the expression of nitrilase 
under the control of the tryptophan promoter in 
E. coli TGI (D2: example 5) and DH5oc (D6: example 
5). The choice of the E. coli strain W ATCC 9637 
is obvious since this strain can use sucrose, in 
particular if consideration is given to the fact 
that the E. coli strain W ATCC 9637 is well known 
for its capacity to use sucrose, D5 (page 6, lines 
33-36), Dl (page 971, introduction) and D10 ' 
(column 6, lines 49-53), whereas other strains of 
E. coli commonly used cannot (for example, see 
document D5 : page 20, line 9). 

With regard to point VII 

Irregularities in the international application 

a) Contrary to that demanded by rule 5.1 a) ii) PCT, 
the description does not mention the relevant 
state of the prior art set out in documents D3-D5, 
D7-D12, and does not cite these documents. 

b) The definition of the expression "heterologous 

protein" is not clear. Specifically, the phrase, 

page 7, lines 31-33, "or a protein naturally 

produced . . . regulation . . . different from those 
Form PCT/Separate sheet/409 (sheet 7) (EPO-April 1997) 
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of the expression system according to the 
invention" is contradictory to the phrase, page 7, 
lines 25-27, "The term heterologous protein is 
intended to mean ..." which affirms that a 
heterologous protein is a protein which is not 
found naturally in E. coli W. In addition, if the 
expression of the heterologous protein is 
controlled by regulation elements different from 
those of the expression system according to the 
invention, the description goes beyond what is 
claimed (Art. 5 PCT) . 

c) The phrase, page 7 , lines 22-24, "the genes whose 
coexpression promotes . . . are included in the 

expression system according to the invention" 

appears to suggest that the description goes 
beyond the claims by introducing a characteristic 
which is not sufficiently defined, thereby making 
the description obscure (Art. 5 PCT). 

d) In the description, concerning documents "CIP 
application no 08/194,588" (page 7, line 13) and 
"application FR96/13077" (page 9, lines 29-31), it 
is not clear which of the documents the applicant 
is referring to. Consequently, certain 
characteristics of the invention are not clear and 
it is not possible to determine whether the 
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invention can be executed by a person skilled in 
the art (Art. 5 PCT) . 

e) The phrases, page 10, line 22, "Expression 
cultures were prepared as described in example 
5..." and, page 10, line 27, "The measurements of 
nitrilase activity. . .as described. . . " refer to 
other documents for the culture conditions and the 
nitrilase activity measurements. Similarly, the 
phrase, page 12, line 2, "the measurements of 
polyamide hydrolase activi ty . . . as described in 
application WO 97/04083..." refers to another 
document for the measurements of polyamide 
hydrolase activity. Since the application must be 
understandable by itself, the conditions cannot be 
introduced by way of reference, they must be 
specified (Art. 5 PCT). 

f) Certain plasmids, for example pXL2035 (page 10, 
line 19), pRPG9 and pSL301 {example 11, pages 20- 
21), pRPA-BCAT37 (page 23, line 25) and RSF1010D20 
(page 23, line 27) are described only by way of 
reference to other documents. The plasmids are not 
sufficiently described for the application to be 
understandable by itself (Art. 5 PCT). 
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g) Table 6 (page 22) compares two different strains: 
DH50C and W. It is not, therefore, clear how the 
use of the cer locus can improve the productivity 
(Art . 5 PCT) . 

h) The strain L21 is not defined, thereby making the 
description obscure (Art. 5 PCT) 

i) The expressions "preferably" in claims 5 and 9 , 
indicate that the characteristics "between 0.1 and 
0.3 g/1" and "between 0.5 and 200 g/1", 
respectively, are entirely optional. Similarly, 
the expression "in particular", in claim 13, 
indicates that the characteristic "the derivatives 
of potato proteins" is entirely optional 
(Directives relating to the International 
Preliminary Examination III 4.6 PCT). 

j) The expression "suitable additives" in paragraph 
2, page 6, is not clear because any additive can 
be considered, and this makes the scope of the 
invention poorly defined (Art. 5 PCT). 

k) If, for example, pfu polymerase (page 23, lines 
18-19) and Quiaex (page 25, line 18) are 
trademarks, the fact that they are not recognized 
as such makes the description obscure (Directives 
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relating to the International Preliminary 
Examination II 4.16 PCT) . 

1) The abbreviation HMTBA (table 1, page 11) is not 
defined in the description, thereby making the 
latter obscure (Art. 5 PCT). 

m) The terms "reoresents" (page 8, line 31), D20 

(page 9, line 6), "is" (page 6, line 32), figure 2 
(page 26, line 16), "conting" (page 9, line 27) 
are not clear and make the description obscure 
(Art . 5 PCT) . 

With regard to point VIII 

Observations relating to the International Application 

a) It emerges clearly from the description and from 
claim 19 that the use of a P crp promoter is 
essential to the definition of the invention. The 
independent claim 1, which does not contain this 
characteristic, does not satisfy the condition 
pursuant to Article 6 PCT in combination with Rule 
6.3b) PCT, which holds that an independent claim 
must contain all the technical characteristics 
essential to the definition of the invention. 
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b) In claim 14 and in the description (for example: 
page 7, line 6), the P crp promoter is not defined. 
Since the origin of the promoter is not specified, 
claim 14 and the description are not clear (Art. 5 
and 6 PCT) . 

c) In claim 4 , since the term "high" used in the 
claim has a relative sense, it allows some doubt 
to remain with regard to the meaning of the 
technical characteristics to which it refers. The 
subject-matter of said claim is not, therefore, 
clearly defined (Article 6 and Directives 
concerning the International Preliminary 
Examination III 4.5a PCT). 
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involve an inventive step when the document is taken alone 

*Y" document of particular relevance; the claimed invention 
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in the art. 
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